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Overview of Environmental and
Hydrogeologic Conditions Fort Yukon, Alaska

By Allan S. Nakanishi and Joseph M. Dorava

Abstract

The village of Fort Yukon along the Yukon River in east-central Alaska has long cold
winters and short summers. The Federal Aviation Administration operates airway support
facilities in Fort Yukon and is evaluating the severity of environmental contamination and
options for remediation of such contamination at their facilities. Fort Yukon is located on
the flood plain of the Yukon River and obtains its drinking water from a shallow aquifer
located in the thick alluvium underlying the village. Surface spills and disposal of hazard-
ous materials combined with annual flooding of the Yukon River may affect the quality of
the ground water. Alternative drinking-water sources are available from local surface-water
bodies or from presently unidentified confined aquifers.

INTRODUCTION

The Federal Aviation Administration (FAA) owns and (or) operates airway support and nav-
igational facilities throughout Alaska. At many of these sites, fuels and potentially hazardous mate-
rial$ such as solvents, polychlorinated biphenyls, and pesticides may have been used and (or)
disposed of. To determine if environmentally hazardous materials have been spilled or disposed of
at the sites, the FAA is conducting environmental studies mandated under the Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA or “Superfund Act”) and
the Resource Conservation and Recovery Act (RCRA). To complete these environmental studies,
the FAA requires information on the hydrology and geology of areas surrounding the sites. This
report is the product of a compilation, review, and summary of existing hydrologic and geologic
data by the U.S. Geological Survey (USGS), in cooperation with the FAA, and provides such infor-
mation for the FAA facility and nearby areas at Fort Yukon, Alaska. Also presented in this report
is a description of the history, socioeconomics, and physical setting of the Fort Yukon area

BACKGROUND
Location

Fort Yukon is located in the eastern interior of Alaska near latitude 66°34'10" N. and longi-
tude 145°14'52" W. Fort Yukon (fig. 1) lies within the Yukon Flats National Wildlife Refuge at the
confluence of the Yukon and Porcupine Rivers, 13 km north of the Arctic Circle, and approxi-
mately 380 km northeast of the city of Fairbanks. Fort Yukon is the largest community in the area,
and its airport, a 1,770 m gravel airstrip north of the village, is used by all area residents for year-
round transportation.

INTRODUCTION 1
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Figure 1. Location of Fort Yukon.
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History and Socioeconomics

Fort Yukon is the center of the territory that is the historical home of the Gwich’in Athabas-
kan Indian people. The village of Fort Yukon was founded in 1847 as an outpost by Canadians in
what was then Russian territory. It later became an important trade center for the Indians (Darby-
shire and Associates, 1990). The growth of the non-Native population in the region has been moti-
vated by the abundance of natural resources such as, trapping, mineral exploration, and mining
(Alaska Transportation Consultants, 1983).

Between 1950 and 1980, the Fort Yukon population varied from 446 to 701 persons (Darby-
shire and Associates, 1990). According to U.S. Bureau of Census, the 1990 population was 580, of
which approximately 85 percent were American Indian or Eskimo (Alaska Department of Com-
munity and Regional Affairs, 1993). In August 1943, the Fort Yukon Airport was established
(Alaska Transportation Consultants, 1983) and in 1954 the Fort Yukon Air Force Station (AFS)
was established (Woodward-Clyde Consultants, 1989). The Fort Yukon AFS is still in existence,
although activity has been reduced to a minimal level (Alaska Transportation Consultants, 1983).
Fort Yukon was incorporated as a second-class city in 1959 and provides municipal services
including public safety and fire protection, public works, water, and museum services. The only
municipally owned utility is the water service. Fort Yukon is accessible only by air and water trans-
portation. Most goods and people are transported by air, while river barges and boats provide addi-
tional service during the summer months. Barges are limited to a few trips each season when the
Yukon River is free of ice (Darbyshire and Associates, 1990).

The Fort Yukon economy is highly dependent on village, state, and Federal agencies and
Native corporation employment, but the community has a higher proportion of private sector
employment than most villages in the region (Darbyshire and Associates, 1990). Fort Yukon resi-
dents have strong cultural traditions which place a high value on subsisting from the land.

The FAA facilities at Fort Yukon include navigational aids and living quarters concentrated
around the airport (fig. 2). The FAA facilities are described in detail in a report by Ecology and
Environment (1992) and are maintained by personnel stationed in Fairbanks.

PHYSICAL SETTING

Climate

The continental climate of Fort Yukon is characterized by low precipitation, low cloudiness,
low humidity, large diurnal and annual temperature variations, and light surface winds (Hartman
and Johnson (1984). Freezing of the Yukon River typically occurs in October and break-up occurs
in mid-May (Fountain, 1984; Fountain and Vaughn, 1984). The mean annual temperature is -6.4 °C
but temperatures range from a July mean maximum of 22.3 °C to a January mean minimum of
about -33.1 °C. Mean annual precipitation is about 168 mm; approximately 1,070 mm of snow falls
annually (Leslie, 1989). Most rainfall occurs in July and August. Mean monthly temperature, pre-
cipitation, and snowfall data are summarized in table 1.

PHYSICAL SETTING 3
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Vegetation

Viereck and Little, (1972) describe the vegetation north of the Arctic Circle near Fort Yukon
as consisting of closed spruce-hardwood along the rivers and widespread open, low-growing
spruce. Closed spruce-hardwood forests consist of white and black spruce, paper birch, aspen, and
balsam poplar located on moderate to well-drained sites. Open, low-growing spruce forests consist
primarily of black spruce with sporadic stands of paper birch, and willows with some locally inter-
spersed treeless bogs.

Near the Fort Yukon airport, the land cover is generally treeless to the northeast and south-
west. The small stands of black spruce that are visible on aerial photographs taken in springtime
are concentrated along the shoreline of Hospital Lake and the banks of the Yukon River.

Bedrock Geology

The nearest outcrops of bedrock are in the mountains and hills surrounding the Yukon Flats
area, which is a broad lowland encompassing the large bend in the Yukon River near Fort Yukon.
The Yukon Flats area drains the Porcupine Plateau to the northeast, the Kokrine-Hodzana High-
lands to the northwest, and the Yukon-Tanana Upland to the south (Wahrhaftig, 1965). A well-
exposed belt of metamorphic rocks lies to the north of the Yukon Flats. It consists of quartz-biotite
schist containing some small, localized outcrops of coarse, crystalline limestone. The schist is cut
by granite porphyry and gneissoid porphyritic rocks of granitic and dioritic composition. The age
of the metamorphic rocks is early Paleozoic or possibly Precambrian (Williams, 1962; Wahrhaftig,
1965).

The bedrock of the marginal upland and parts of the surrounding highland is a complex group
of sedimentary, volcanic, and associated intrusive igneous rocks. Shale, chert, quartzite, and minor
amounts of crystalline limestone, chlorite schist, and schistose conglomerate are present. These
rocks are intruded by dikes and sills, and small bodies of igneous rocks that range from gabbro,
diorite, and diabase to quartz diorite and granite (Williams, 1962). Continental sedimentary rocks
occur in the highland regions that border the Yukon Flats district, and occur locally in the marginal
upland bordering the Yukon Flats. The deposits consist of folded soft shale and lignitic coal
(Williams, 1962).

The village of Fort Yukon is situated near the center of the Yukon Flats area on thick alluvial
deposits overlying bedrock. The depth to bedrock and its thickness are currently unknown: at Fort
Yukon a well was drilled to a depth of 134 m without reaching bedrock (Williams, 1962). In mid-
June 1994, a USGS global change drilling project bored to a depth of more than 380 m at Fort
Yukon and found no bedrock (Thomas A. Ager, USGS, oral commun., 1994). Preliminary drill logs
from this project do not indicate the depth of the aquifer or the depth to bedrock.

Surficial Geology and Soils

Early studies done on the surficial geology and soils of Yukon Flats area include a reconnais-
sance level engineering geology study by Weber and Péwé (1961), a reconnaissance level geology
study by Williams (1962), a soil temperature investigation by the U.S. Army Cold Regions
Research and Engineering Laboratory (1962), and a statewide soil classification by Rieger and oth-
ers (1979).
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The Yukon Flats, where Fort Yukon is situated, consists of marshy lake-dotted flats rising
from 90 m in elevation on the west to elevations ranging from 180 to 270 m on the north and east.
Cliff-forming silt and gravel-covered marginal terraces rise 45 to 180 m in height above the flats
and slope gradually upward to elevations of about 450 m, where they merge with the base of sur-
rounding uplands and mountains. The marginal terraces are capped with gravel on which rests a
layer of wind-borne silt.

According to Williams (1962), flood-plain and low terrace alluvium consists of well-stratified
layers and lenses of coarse to fine well-sorted gravel and minor amounts of sand and silt, mantled
by as much as 8 m of well-stratified layers and lenses of silt, sand and organic matter. The thickness
of alluvium at Fort Yukon is about 30 m.

Eolian sand deposits consist of massive well-sorted homogeneous sand and silty sand ranging
from 2 to 20 m in thickness (Williams, 1962). Permafrost is generally present with sporadic
ground-ice masses.

Alluvial-fan and related terrace deposits consist of well-stratified layers and lenses of well-
sorted coarse to fine-grained gravel containing minor amounts of sand and silt and a few layers or
lenses of organic material. This alluvium is predominantly pebble to boulder gravel deposited by
the Yukon River and its larger tributaries. Gravelly deposits are mantled by silt, sand, and organic
material as thick as 8 m (Williams, 1962). The total thickness of this deposit is not known, but is
estimated to exceed 30 m.

According to Ferrians (1965), Fort Yukon lies within a region of discontinuous permafrost.
However, because the region is so far north and near the border of the continuous permafrost zone,
permafrost probably underlies most of the area. Exceptions are under rivers, recently abandoned
meander belts, and large thaw lakes. A U.S. Army Cold Regions Research and Engineering Labo-
ratory (1962) study of ground temperatures at Fort Yukon showed that the maximum seasonal
depth of thaw was about 2.4 m, below which the temperature remained below freezing. Ground-
ice masses form wedges 0.5 to 1 m thick in a polygonal network and are found in local areas where
the silt mantle is greater than 2.5 m thick (Williams, 1962).

HYDROLOGY

Surface Water

The Yukon Flats area is drained by the Yukon River, which is Alaska’s largest river and the
fifth largest river in North America in terms of drainage area and runoff (Feulner and others, 1971).
The Porcupine River enters the Yukon River less than 3 km downstream from the airport (fig. 1).
Most other tributaries to these rivers drain surrounding uplands and mountains, and have meander-
ing courses through the flats. Thaw lakes are abundant throughout the flats and are common on the
marginal terraces. Runoff rates are very low and the chemical quality of surface waters is generally
good (Woodward-Clyde Consultants, 1989).

Surface-water bodies within a 4-km radius of Fort Yukon include the Yukon River, Porcupine
River, Hospital Lake, Yllota Slough, and Laura Lake (fig. 1). Hospital Lake to the northwest of the
runway is used as a float plane base and for recreational boating, fishing and waterfowl hunting.
The lake is directly connected to the Yukon River by a 0.7 km long outlet.

HYDROLOGY 7



Floods

Most of the Fort Yukon townsite is subject to flooding except the southeastern part, called
“Crow Town,” which sits on a low ridge (fig. 1). Flooding usually results from ice jams along the
Yukon River in the vicinity of Fort Yukon or on the Porcupine River near its mouth. Flooding
caused by rainfall has not been recorded in recent history (U.S. Army Corps of Engineers, 1992).

Food frequency for rainfall floods on the Yukon River near Fort Yukon can be obtained using
a graph of discharge to drainage area for the Yukon River developed by Jones and Fahl (1994,
fig. 10). Downstream from the mouth of the Porcupine River, the Yukon River has a drainage area
of about 471,900 km 2 and upstream from the mouth of the Porcupine River, the drainage area is
about 326,800 km?. For these two sites, the discharge is given for various recurrence intervals in
table 2. The flood frequency curves of Jones and Fahl apply only to floods generated from rain and
snowmelt runoff and are not applicable to ice-jam floods, the primary source of flooding at Fort
Yukon.

Table 2. Peak discharges of the Yukon River near Fort Yukon for various recurrence intervals

[Discharge is in cubic meters per second]

Site location relative to Recurrence interval

mouth of Porcupine River

2years Syears 10years 25years 5S0years 100years 500 years

Upstream 8,900 11,000 12,500 14,400 15,900 17,400 21,200
Downstream 12,600 15,000 16,700 18,700 20,700 22,400 26,500

The U.S. Army Corps of Engineers (1992) reported that the discharge value for the 100-year
flood is approximately 20 percent higher than that computed using that of Jones and Fahl (1994).
The Corps of Engineers, however, used a less rigorous evaluation of flood frequency that computed
a more conservative estimate of discharge used in their evaluation of flood protection measures.
The difference in discharge values is reduced to about 12 percent when a comparison is made
between the 10-year floods.

Ice-dJam Floods

Historically, flooding within the village of Fort Yukon occurs in mid-May during the break-
up of the Yukon River. Flood hazards for Fort Yukon are considered high by the U.S. Army Corps
of Engineers (1993). Approximately 100 houses are within the 100-year flood zone. The airport
has a flood hazard rating of very high. The primary cause of flooding at Fort Yukon is backwater
from ice jams. Previous major floods occurred in 1949, 1972, 1982, and 1989. In 1949, flood waters
were over 2 m deep on Main Street (U.S. Army Corps of Engineers, 1993).

Flooding at Fort Yukon not only damages structures and roads, but also causes contaminants
on the surface of the land to mobilize and move into inadequately sealed wells. Even for wells that
are effectively sealed, flood water may move contaminants into previously uncontaminated sur-
faces, where the contaminants can then infiltrate into the aquifer.
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Ice-jam flooding occurs when river ice broken during spring thawing is transported down-
stream and its downstream movement is blocked in locations where a constriction, a sandbar, or
other obstruction such as a sharp meander bend exists (Beltaos, 1990). The blockage prevents ice
movement and restricts water flow as the ice jam builds in thickness and length. This subsequently
slows the water velocity and produces a rise in water level or backwater effect that propagates
upstream from the ice jam. When the ice jam releases, a flood wave propagates downstream.

The inhabitants of Fort Yukon relocated to higher ground, Crow Town, because of extensive
flooding of the original townsite in the first half of this century (Federal Emergency Management
Agency, 1980). The most damaging flood in recent times occurred in 1949 as a result of ice jams
on the Porcupine River (U.S. Army Corps of Engineers, 1969 and 1992). About one-third of the
buildings in the village were destroyed, and the remaining two-thirds of the buildings were
severely damaged by the crushing effect of the ice rafts carried into the village by floodwaters (U.S.
Army Corps of Engineers, 1992). Erosion caused by the swiftly moving water and scouring effects
of the ice can cause considerable damage to structures bordering the riverbanks (Alaska Transpor-
tation Consultants, 1983).

An evaluation of flood frequency and stage probabilities includes a peak annual stage fre-
quency curve that can be used to determine river stage for both ice-jam and open-water floods (U.S.
Army Corps of Engineers, 1992, fig. 2). Their flood frequency curves include the effects of ice-jam
floods and indicate that a 100-year-flood resulting from an ice jam would have a stage of about
132.6 m, which is more than 1.5 m higher than an open-water 100-year-flood. This relation of
increased stage for ice-jam floods relative to open-water floods is similar for all recurrence inter-
vals but not always with the same difference. For example, a 10-year ice-jam flood would have a
stage about 1 m higher than a 10-year rainfall flood.

Flood Protection Measures

Several flood-protection measures were built, attempted, or designed at Fort Yukon: a slough
closure dike was built in 1967, ice sanding or dusting was done in 1968 and 1969 to speed ice melt,
and a ring-dike was designed in 1992 to protect the village.

In 1967, the State of Alaska completed a slough closure dike to alleviate an erosion problem
along the south side of village (U.S. Army Corps of Engineers 1969, 1987, 1993; and Federal
Emergency Management Agency, 1980). The planned protective life of the project was 5 years,
enough time for river bars to form and divert flow from the slough to the main channel. (U.S. Army
Corps of Engineers, 1969, 1992)

The U.S. Army Corps of Engineers (1969) conducted a research project called “Operation
Dusty” in an attempt to increase ice-melt rates and reduce the frequency of ice jams in historical
jam areas by using large-scale river ice-dusting operations. The dusting operation involved the
aerial spraying or dusting of the river ice with a thin layer of dark sand which would then increase
the ice-melt rate by increasing the solar absorption of the ice. A strip of ice was dusted in April
1968 and again in April 1969 on the Yukon River near Fort Yukon as a measure to prevent the

development of an ice jam. No serious ice jam or flooding problems occurred in either 1968 or
1969.
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The U.S. Army Corps of Engineers (1992) described a design for a floodwater protection dike
for the village of Fort Yukon. Hydrologic studies determined that an earthfill ring levee, 2,210 m
in length and 2 to 2.5 m in height, could be constructed to protect two-thirds of the village from the
100-year-flood. The levee would tie into the higher ground at Crow Town, on the southeastern side
of the village. It was determined that the levee would provide protection against the 100-year-flood
at a benefit/cost ratio of 1.3 and a capital cost of about $4.25 million.

Ground Water

Ground-water recharge to the Fort Yukon area occurs from precipitation, infiltration, and nor-
mal ground-water movement from areas near the slopes of the surrounding highlands. Ground-
water discharge takes place into local surface-water streams and sloughs which drain into the
Yukon River. Flow paths for ground-water movement are influenced by impermeable lenses or lay-
ers of permafrost acting as a barrier to horizontal and vertical movement of the ground water. The
areawide variability in the presence of permafrost accounts for the local occurrence of sub-, intra-,
and supra-permafrost ground water. Previous studies done on the subject of ground water and per-
mafrost include reports by Cederstrom and others (1953), Hopkins and others (1955), and Williams
and Waller (1963).

Alluvium is probably unfrozen beneath the bed of the Yukon River throughout its course in
Alaska. Most of the wells in villages on the Yukon River from Canada to the Bering Sea are along
the riverbank where the warming effect of the river affects the thickness of frozen ground (Smith,
1986). Water levels, where observed in these wells, fluctuate with the stage of the river (Williams,
1970). In general, ground water flows toward the Yukon River and then northwestward in the direc-
tion of the flow of the river (Woodward-Clyde Consultants, 1989; Ecology and Environment,
1992). The depth to water from the ground surface is approximately 3 to 3.5 m, based on drill log
data for the Fort Yukon municipal well and on data from a site contamination study by Woodward-
Clyde Consultants (1989).

Ground-Water and Surface-Water Interaction

Adjacent to the river, shallow ground-water can flow into and out of the riverbanks depending
on the elevation of water in the river relative to the water table. Seasonally, the Yukon River at Fort
Yukon fluctuates from a maximum discharge in late May or early June to a minimum flow in late
April or early May. The discharge of the Yukon River at Fort Yukon is probably similar to the
reported discharge at a USGS gaging station on the Yukon River at Rampart (fig. 3) (U.S. Geolog-
ical Survey, 1957-76). The Rampart gaging station, 250 km downstream from Fort Yukon, has a
drainage area of about 516,400 km 2 which is 9 percent larger than that at Fort Yukon The river
also rises during late-summer rainstorms. The water table generally rises and falls in response to
these river fluctuations. The water table fluctuations, however, are attenuated with distance from
the river. This flow of water into and out of the aquifer in response to changing stage of the river is
termed “bank storage effects” (Linsley and others, 1982). Bank storage effects have not been stud-
ied at Fort Yukon. Because the airport facilities and village utilities are adjacent to the river, bank
storage effects could have a significant impact on ground-water flow in the Fort Yukon area.

10 Overview of Environmental and Hydrogeologic Conditions at Fort Yukon, Alaska
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Figure 3. Mean discharge for the Yukon River at Rampart, water years 1956-66.

Continuous records of water-table elevation are not available for Fort Yukon. A further study
of seasonal changes in water table and river stage would be required to determine the extent of
ground-water/surface-water interaction at Fort Yukon. The variations in river stage at Fort Yukon
will generally follow the pattern of the discharge hydrograph for the Yukon River at Rampart
(fig. 3).

Simulation of Ground-Water Movement

A mathematical ground-water model approximates the directions and rates of water move-
ment through an aquifer system. Partial-differential equations thought to represent the physical
processes of ground-water flow are solved by the model and require that the hydraulic properties
and boundaries be defined for the modcled area. The aquifer system was overlain by a grid, which
was extended in the third dimension to form blocks or “cells.” The cells form rows, columns, and
layers. Each cell in the model grid represents a block of permeable material within which the
hydraulic properties are assumed to be uniform. Any specific cell may be referenced by citing its
row, column, and layer location. The limits of the modeled area were selected to include or nearly
coincide with natural flow boundaries. The “boundary surface” of the flow region corresponds to
identifiable hydrogeologic features at which some characteristic of ground-water flow can be
described. For the conceptual model, these features could be a drainage divide, river bank, or other
similar feature, and may be natural or artificially induced (such as a pumped well). In cases where
there are no apparent natural flow boundaries, such as in an open flood plain, the model grid was
extended far enough away from the area of study so the error created from the artificial boundary
1S minimized.
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Ground-water flow in the Fort Yukon area was simulated using a computer program
MODFLOW (McDonald and Harbaugh, 1988), as a simple steady-state conceptual model. Under
steady-state conditions, the recharge to the system is equal to the discharge from the system: no
water is derived from storage and there is no change in head with time. Output from MODFLOW
was graphically presented using METAZ, a contouring program specifically designed for
MODFLOW and developed by S.A. Leake and R.T. Hanson (U.S. Geological Survey, written
commun., 1993). The conceptual model requires that the hydraulic head at the aquifer boundaries
is known, all recharge and discharge is assumed to occur at the river, flow is horizontal, and the
aquifer materials are homogeneous and isotropic. The data, assumptions, justifications, and data
sources used in the model packages are summarized in appendix 1. An example output file of the
model is shown in appendix 2. The purpose of undergoing a mathematical ground-water simulation
was to identify hydrologic features that may have a significant influence on the ground-water flow
direction in the Fort Yukon area. Two ground-water flow simulations were used to identify features
having the greatest influence on ground-water flow direction.

The westward-sloping surfaces of the Yukon and Porcupine Rivers are important factors in
establishing the general westward direction of ground-water flow. The water table is strongly influ-
enced by the surface-water gradients of the rivers, which were measured by the U.S. Army Corps
of Engineers (1981). The hydraulic continuity of the alluvium away from the river is expected to
have a profound influence on the directions of ground-water flow. Little information however, is
available on the presence of permafrost in the area, north and east of the village. If the permafrost
in the area is discontinuous, the unconsolidated alluvium will behave like an aquifer. If it is con-
tinuous, the unconsolidated alluvium will act as a confining layer. The ground-water model
assumes that permafrost is not a barrier to ground-water flow. Although permafrost has a signifi-
cant influence on ground-water flow, continuous permafrost was not assumed in the model because
the existing data on subsurface conditions at Fort Yukon are inadequate to define the presence and
continuity of permafrost. A ground-water model that assumes continuous permafrost conditions
would resemble a narrow “strip-aquifer” along the riverbanks with ground-water flow that is par-
allel to the flow of the rivers.

Both simulations of ground-water movement indicate that shallow ground water flows to the
northwest towards Hospital Lake and the lake outlet. Ground water infiltrates upward through the
lakebed and eventually flows through the Hospital Lake outlet and into the Yukon River. The aqui-
fer transmits water to Hospital Lake at a rate which is dependent on the vertical hydraulic conduc-
tance of the lakebed. Higher lakebed conductance increases the quantity of water transmitted from
the aquifer to Hospital Lake, resulting in an increase of the influence of the lake on ground-water
flow direction.

Calibration of the ground-water model was not attempted. Calibration is a procedure where
differences between observed and simulated head values are minimized so that the model will rep-
licate the behavior of aquifer(s) during steady-state conditions. Because specific information on
aquifer characteristics for the site was limited and the available data are confined to a small area
relative to the model grid, meaningful model calibration is not possible.

Two model simulations, each using different assumptions of the conductance of the lakebed,
illustrate the importance of the hydraulic connection between Hospital Lake and the aquifer: the
effects of an assumed lower value of lakebed conductance (fig. 4) and those of a higher conduc-
tance (fig. 5). Without field data, shallow ground-water flow directions can not be ascertained
exactly, but can only be described generally on the basis of assumed boundary conditions.

12 Overview of Environmental and Hydrogeologic Conditions at Fort Yukon, Alaska




145°20’ 145°10'

1 T. 1 H |
; iIiSi I\ { 3
p \ ’sé H
/,1—? \ 24 ‘l
= Al A
= “\ N 1> - J
- =
K T N
"\ ‘v|‘ |1
= 1 [ -
X I~ A
[ / D )
S T
; 3
v :?5‘/ : AT\‘
e g-»:‘,,o ‘:
D) ! :
NN »
66°[) 4 S -
wmEE V] fagipe
35’ N e R A v
AN i = 0 2 — S\ -
7 H1E %A - -
b N 13 T T
J/ u 14 l;
= B HH \t*é:
1 sngdl
4 15D by 9 =1
NEND &l
VF
14/
NEI
N2
3 ]
660
32' [
-
7
INKS |
L AY L - - A 40 W AY I )Y
E — 1290 —  SIMULATED WATER-TABLE CONTOURS IN METERS
E g ESTIMATED DIRECTION OF GROUND-WATER FLOW ‘i
N
BE4 IR ES S SERIVZERNRNEERABEARERORERE h )

Base from U.S. Geological Survey, 0 1 2 3 4 MILES
Fort Yukon (C-3), Alaska, 1:63,360, 1955 ] 1 { 1 |
| 1 I i ]
0 1 2 3 4 KILOMETERS
CONTOUR INTERVAL 50 FEET
DATUM IS MEAN SEA LEVEL

Figure 4. Simulated water-table contours and estimated flow direction of shallow ground water
with low lakebed conductance in the Fort Yukon area.
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DRINKING WATER
Present Drinking-Water Supplies

The village of Fort Yukon operates and maintains public sewage collection and water distri-
bution systems, which service nearly all area residents. The water obtained by Fort Yukon for its
drinking-water supply comes from shallow wells. Two shallow wells, drilled to a depth of approx-
imately 10 m into unfrozen alluvium along the riverbanks, receive water mainly by infiltration
from the Yukon River (Ecology and Environment, 1992; appendix 3). These wells are located at
the southeast end of the village near the riverbank. Water from the wells is piped about 70 m to a
pumphouse through an above-ground, insulated utilidor. The water is chemically treated, filtered,
and stored in above-ground steel storage tanks. Most of the houses in Fort Yukon are connected to
a piped water distribution system that has about 200 service connections. Houses not connected to
the village water system haul water from a central watering point, such as the washeteria in the Fort
Yukon Community Center (Darbyshire and Associates, 1990). The Fort Yukon AFS is not on the
village water system and obtains its water supply from a single shallow well drilled to a depth of
11.5 m (Ecology and Environment, 1992).

Water-use withdrawals were estimated for Fort Yukon using the 1990 population of 580. The
village water system supplied an estimated 120 L/d per person for domestic and commercial users
(Solley and others, 1993). This compares with an average water use per person of 1,950 L/d esti-
mated for all uses for the entire State of Alaska in 1990.

Quality of Present Supplies

Records on the water quality in the Fort Yukon area are available from the U.S. Public Health
Service for the periods 1975-80 (appendix 3), from the USGS for the periods 1968-73 (appendix
4) and from the Alaska Department of Environmental Conservation for the periods 1980-94
(appendix 5). Analyses of untreated water samples taken from the village drinking water supply
had an average hardness as CaCOj3 of 147 mg/L and an average iron content of 2.3 mg/L. Hardness
may create scale in plumbing and boilers but is of little health concern. The iron content is higher
than the 0.30 mg/L secondary maximum contaminant level (SMCL) regulations set by the U.S.
Environmental Protection Agency (1993) for drinking water, but does not prohibit this water from
being used for drinking.

Alternative Drinking-Water Sources

The FAA requested information on alternative drinking-water sources that could be used if
the present drinking-water source became contaminated. The aquifer system at Fort Yukon has not
been mapped in sufficient detail to define individual aquifers and confining layers. It is possible
that a permafrost confining layer is sufficiently impermeable to protect deep ground water from
contamination by the shallow aquifer. Uncertainty about the area-wide permeability of the perma-
frost prohibits the conclusion that subpermafrost water is an alternative supply to the shallow aqui-
fer. '
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The Yukon River is Fort Yukon’s greatest alternative water source, whether water is obtained
from it indirectly though infiltration wells or directly by intake systems at the riverbanks. Infiltra-
tion wells use the riverbank itself to filter out much of the sediment in the river water. Water taken
directly from the Yukon River would require a filtering system for sediment removal. A direct
intake system is also susceptible to damage from bank erosion and moving ice masses.

Another possible source of water could be from local lakes such as Hospital Lake. The lake
does not completely freeze in the winter and could be a viable source of water. Other surface-water
bodies in the Fort Yukon area are not considered reasonable alternatives to ground-water as a drink-
ing water source because of their distance to the population or their inadequate size. Many sloughs
and lakes near Fort Yukon are too shallow and freeze completely in the winter.

Quality of Alternative Sources

The chemical quality of the surface-water bodies in the area is good. Summer river flows,
which tend to be much greater than winter flows, commonly contain high concentrations of sedi-
ments. These fine-grained sediments must be removed by a water-treatment system if these sources
are used for drinking water (Smith, 1986).

Lakes may be a good source of water depending on the size of the lake and the severity of the
climate (Smith, 1986). For small, shallow lakes during the winter, impurities such as salts and dis-
solved organics concentrate in the water as ice is formed. Water that may be potable in the summer
may exceed drinking-water standards in the winter. A report by Alaska Transportation Consultants
(1983) suggested that Hospital Lake may be contaminated from air-fuel spills from float-planes
and seepage from septic waste. However, water-quality data for Hospital Lake are not available.

In 1980, the Alaska Department of Environmental Conservation sampled water from the
Yukon River at Fort Yukon (appendix 3). Analysis of this sample showed that the water quality was
within Federal drinking-water regulations. A greater amount of water-quality information is avail-
able for the Yukon River at Rampart. The Rampart water-quality data, however, were typically
obtained from samples collected during the open-water period from late March to late September,
and do not include samples for the winter period. Iron concentration at Rampart is typically below
the 0.30 mg/L SMCL (appendix 6). Hardness as CaCOj3 ranged from a low of 62 mg/L to a high
of 162 mg/L and averages about 114 mg/L. Sediment concentrations had a maximum of 420 mg/L
and minimum of 2 mg/L and averaged about 182 mg/L.

SUMMARY

Fort Yukon serves as the transportation, government, and commercial center for the Yukon
Flats region. Its remote location makes it dependent on the airport or the river for transportation.
The subsistence lifestyle of the Native residents makes them dependent upon a sustainable envi-
ronment. Frequent ice-jam flooding is hazardous to residents and their property, and high water
from flooding may move surface contaminants into previously uncontaminated areas or directly
into inadequately sealed wells. Fort Yukon currently obtains its water supply from shallow infiltra-
tion wells located near the banks of the Yukon River. A deep subpermafrost well may be an alter-
native water supply, but no definition of the extent of existing aquifers is currently available.
Surface- water bodies, such as Hospital Lake or the Yukon River, are available alternative drinking-
water sources if acquisition, distribution, and treatment systems are developed.
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Ground Water at Fort Yukon, Alaska - Modflow Notes

BAS Package

Packages Used: BAS, BCF, OC, PCG2, RCH, RIV

Single-layer, Steady state model

Grid size:70 columns x 80 rows

IBOUND: All cells west of river cells set at no-flow (0)
all cells at column 70 set at constant head (-1)
all others set at variable head (1)

Anisotropy: 1.00

BCF Package

Layer thickness: 200 ft (230 ft above MSL)

DELR: 528 ft (0.1 mile)

DELC: 528 ft

Hydraulic Conductivity (K) along Rows and Columns: 80 ft/day

RCH Package

Net annual recharge (recharge minus evapotranspiration): 0.2300E-03 ft/day (1 inch/year)

RIV Package

Number of River Reaches (cells): 210

Yukon River

Slope: 0.00032, obtained from U.S. Army Corps of Engineers (COE) (1981).

Lowest River Stage: 420 ft, estimated from USGS Fort Yukon C-3 !:63,360 map (134, c11).
Profile extrapolated above and below the original COE (1981) study area

River Conductance: 5.600E+06 ft¥/day (K = 20 ft/day = 7.1E-03 cm/s)

Reach Length (L): 528 ft, based on unit cell size

Reach Width (W): 528 ft, based on unit cell size

Reach riverbed depth (D):1 ft

Conductivity Equation: (LW/D)K

Bottom elevation is estimated to be 70 ft lower than river stage height

Porcupine River

Slope: 0.00017, obtained from U.S. Army Corps of Engineers (COE) (1981).

Lowest River Stage: 420 ft, estimated from 1” to mile USGS topo, (134, cl1).

Profile was extended by extrapolating the slope above and below COE (1981) study area
River Conductance: 5.600E+06 ft¥/day (K = 20 ft/day = 7.1E-03 cm/s)

Reach Length (L): 528 ft, based on unit cell size
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Reach Width (W): 528 {t, based on unit cell size

Reach riverbed depth (D):1 ft, estimated

Conductivity Equation: (LW/D)K

Bottom elevation is estimated to be 40 ft lower than river stage height

Yllata Slough

Slope: 0.00032, obtained from U.S. Army Corps of Engineers (1981).

River Conductance: 1.800E+06 ft2/day (K = 20 ft/day = 7.1E-03 cm/s)

Reach Length (L): 528 ft, based on unit cell size

Reach Width (W): 175 ft, estimated from air photos and USGS Fort Yukon C-3 1:63,360
Reach riverbed depth (D):1 ft, estimated

Conductivity Equation: (LW/D)K

Bottom clevation is estimated to be 15 ft lower than river stage height

Northwest Slough

Slope: 0.00017, obtained from FEMA Report by the Corps of Engineers (1981).

River Conductance: 5.600E+06 ft2/day (K =20 ft/day = 7.1E-03 cm/s)

Reach Length (L): 528 {t, based on unit cell size

Reach Width (W): 175 {i, estimated from air phots and USGS Fort Yukon C-3 1:63,360
Reach riverbed depth (D):1 i, estimated

Conductivity Equation: (LW/D)K

Bottom elevation is estimated to be 15 ft lower than river stage height

Hospital Lake

Slope: 0.00

Stage: 421.2 ft, estimated from river stage at drainage point.
Conductance:

model run #1: 5.600E+04 ftz/day (K =0.20 ft/day = 7.1E-05 cm/s)
model run #2: 5.600E+05 ftzlday (K =2.00 ft/day = 7.1E-04 cm/s)
Reach Length (L): 528 ft, based on unit cell size

Reach Width (W): 528 {t, bascd on unit cell size

Reach riverbed depth (D):1 ft, estimated

Conductivity Equation: (LW/D)X

Bottom elevation is estimated (0 be 25 ft lower than stage height

Hospital Lake Drainage

Slope: 0.00

Lowest River Stage: 421.2 ft, estimated from river stage at drainage point.

Profile extrapolated based on slope above and below the original COE (1981) study area
River Conductance: 5.600E+06 ftZ/day (K =20 ft/day = 7.1E-03 cm/s)

Reach Length (L): 528 ft, based on unit cell size

Reach Width (W): 528 fi, based on unit cell size

Reach riverbed depth (D):1 ft, estimated

Conductivity Equation: (LW/D)K

Bottom elevation is estimated to be 15 ft lower than river stage height
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APPENDIX 2

Example output file of the U.S. Geological Survey

Modular Finite-Difference Ground-Water Model
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U.S. GEOLOGICAL SURVEY MODULAR FINITE-DIFFERENCE GROUND-WATER MODEL

TWO DIMENSIONAL MODEL OF GROUND-WATER FLOW AT FORT YUKON 1 layer, 80 rows, 70 columns, 0.1 mile grid
1 LAYERS 80 ROWS 70 COLUMNS
1 STRESS PERIOD(S} IN SIMULATION

MODEL TIME UNIT IS DAYS

I/0 UNITS:
ELEMENT OF IUNIT: 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 1B 19 20 21 22 23 24
I/oUNIT: 31 0 034 0 0 0 0 0 O 04239 0 0 0 0 0 0 0 0 0 O O

BASl -- BASIC MODEL PACKAGE, VERSION 1, 9/1/87 INPUT READ FROM UNIT S
ARRAYS RHS AND BUFF WILL SHARE MEMORY.
START HEAD WILL BE SAVED

50554 ELEMENTS IN X ARRAY ARE USED BY BAS

50554 ELEMENTS OF X ARRAY USED OUT OF 350000

BCF2 -- BLOCK-CENTERED FLOW PACKAGE, VERSION 2, 7/1/91 INPUT READ FROM UNIT 31
STEADY -STATE SIMULATION
CELL-BY-CELL FLOWS WILL BE RECORDED ON UNIT 21
HEAD AT CELLS THAT CONVERT TO DRY= 0.00000E+00
WETTING CAPABILITY IS NOT ACTIVE
LAYER AQUIFER TYPE

11201 ELEMENTS IN X ARRAY ARE USED BY BCF
61755 ELEMENTS OF X ARRAY USED OUT OF 350000

RIV]1 -- RIVER PACKAGE, VERSION 1, 9/1/87 INPUT READ FROM UNIT 34
MAXIMUM OF 210 RIVER NODES
CELL-BY-CELL FLOWS WILL BE RECORDED ON UNIT 21

1260 ELEMENTS IN X ARRAY ARE USED FOR RIVERS

63015 ELEMENTS OF X ARRAY USED OUT OF 350000

PCG2 -- CONJUGATE GRADIENT SOLUTION PACKAGE, VERSION 2, 5/1/88
MAXIMUM OF S0 CALLS OF SOLUTION ROUTINE
MAXIMUM OF 10 INTERNAL ITERATIONS PER CALL TO SOLUTION ROUTINE
MATRIX PRECONDITIONING TYPE : 1

26400 ELEMENTS IN X ARRAY ARE USED BY PCG

89415 ELEMENTS OF X ARRAY USED OUT OF 350000

TWO DIMENSIONAL MODEL OF GROUND-WATER FLOW AT FORT YUKON 1 layer, 80 rows, 70 columns, 0.1 mile grid

BOUNDARY ARRAY FOR LAYER 1 WILL BE READ ON UNIT 61 USING FORMAT: (70I2)

1 2 3 4 5 6 7 8 9 10
11 12 13 14 15 16 17 18 19 20
21 22 23 24 25 26 27 28 29 30
31 32 33 34 35 36 37 38 39 40
41 42 43 44 45 46 47 48 49 S0
S1 52 53 54 55 56 57 58 59 60
61 62 63 64 65 66 67 68 69 70
1 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 1 1 -1
2 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 1 1 1 1 -1
3 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 1 1 1 1 1 1 -1
4 0 0 0 0 0 0 ] 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 (]
0 0 0 0 0 0 0 0 0 0
0 0 1 1 1 1 1 1 1 -1
S 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 1 1
1 1 1 1 1 1 1 1 1 -1
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-~ o0o

-~ o000

AQUIFER HEAD WILL BE SET TO 999.00

- o0o

oo o

- o0o

AT ALL NO-FLOW NODES (IBOUND=0) .

INITIAL HEAD FOR LAYER

oo o

-0 0o

- oc0oo

1 WILL BE READ ON UNIT 64 USING FORMAT:

(15F6.1)

- oo

L E-X=-¥-

0

coocoo0Q

528
528
528
528

528
528

528

528
528
528
528

528

.00
.00
.G0
.00
528.

00

.00
.00

.00
528.

00

.00
.00
.00
.00
528.

00

.00

528.00
528.00
528.00
528.00
528.00
528.00
528.00

528.00
528.00
528.00
528.00
528.00
528.00
528.00
528.00

1 2 3 4 S 6 7 8
11 12 13 14 15 16 17 18
21 22 23 24 25 26 27 28
3 32 33 34 35 36 37 38
41 42 43 44 45 46 47 48
S1 52 53 54 55 56 57 58
61 62 63 64 65 66 67 68
1 430.0 430.0 430.0 430.0 430.0 430.0 430.0 430.0 430.
430.0 430.0 430.0 430.0 430.0 430.0 430.0 430.0 430.
430.0 430.0 430.0 430.0 430.0 430.0 430.0 430.0 430.
430.0 430.0 430.0 430.0 430.0 430.0 430.0 430.0 430.
430.0 430.0 430.0 430.0 430.0 430.0 430.0 430.0 430.
430.0 430.0 430.0 436.0 430.0 430.0 430.0 430.0 430.
430.0 430.0 430.0 436.0 430.0 430.0 430.0 430.0 430.
80 430.0 430.0 430.0 430.0 430.0 430.0 430.0 430.0 430.
430.0 430.0 430.0 430.0 430.0 430.0 430.0 430.0 430.
430.0 430.0 430.0 430.0 430.0 430.0 430.0 430.0 430.
430.0 430.0 430.0 430.0 430.0 430.0 430.0 430.0 430.
430.0 430.0 430.0 430.0 430.0 430.0 430.0 430.0 430.
430.0 430.0 430.0 430.0 430.0 430.0 430.0 430.0 430.
430.0 430.0 430.0 430.0 430.0 430.0 430.0 430.0 430.
HEAD PRINT FORMAT IS FORMAT NUMBER 3 DRAWDOWN PRINT FORMAT IS FORMAT NUMBER 3
HEADS WILL BE SAVED ON UNIT 20 DREWDOWNS WILL BE SAVED ON UNIT 0
OUTPUT CONTROL IS SPECIFIED EVERY TIME STEP
COLUMN TO ROW ANISOTROPY = 1.000000
DELR WILL BE READ ON UNIT 31 USING FORMAT: (10F5.0)
528.00 528.00 528.00 528.00 528.00 528.00 528.00 528.00
528.00 528.00 528.00 528.00 528.00 528.00 528.00 528.00
528.00 528.00 528.00 528.00 528.00 528.00 528.00 528.00
528.00 528.00 528.00 528.00 528.00 528.00 528.00 528.00
528.00 528.00 528.00 528.00 528.00 528.00 528.00 528.00
528.00 528.00 528.00 528.00 528.00 528.00 528.00 528.00
528.00 528.00 528.00 528.00 528.00 528.00 528.00 528.00
DELC WILL BE READ ON UNIT 31 USING FORMAT (10F5.0)
528.00 528.00 528.00 528.00 528.00 528.00 528.00 528.00
528.00 528.00 528.00 528.00 528.00 528.00 528.00 528.00
528.00 528.060 528.00 528.00 528.00 528.00 528.00 528.00
528.00 528.00 528.00 528.00 528.00 528.00 528.00 528.00
528.00 528.00 528.00 528.00 528.00 528.00 528.00 528.00
528.00 528.00 528.00 528.00 528.00 528.00 528.00 528.00
528.00 528.90 528.00 528.00 528.00 528.00 528.00 528.00
528.00 528.00 528.00 528.00 528.00 528.00 528.00 528.00
HYD. COND. ALONG ROWS =  80.00000 FOR LAYER 1
BOTTOM = -80.00000 FOR LAYER 1
SOLUTION BY THE CONJUGATE-GRADIENT METHOD
MAXIMUM NUMBER OF CALLS TO PCG ROUTINE = 50
MAXIMUM ITERATIONS PER CALL TO PCG = 10
MATRIX PRECONDITIONING TYPE = 1
RELAXATION FACTOR (ONLY USED WITH PRECOND. TYPE 1) = 0.10000E+01
PARAMETER OF POLYMOMIAL PRECOND. = 2 (2) OR IS CALCULATED 0
HEAD CHANGE CRITERION FOR CLOSURE = 0.10000E-01
RESIDUAL CHANGE CRITERION FOR CLOSURE = 0.10000E-01
PCG HEAD AND RESIDUAL CHANGE PRINTOUT INTERVAL = 1
PRINTING FROM SOLVER IS LIMITED(1) OR SUPPRESSED (>1) = 0
STRESS PERIOD NO 1, LENGTH =
Page 8 APPENDIX 2



NUMBER OF TIME STEPS = 1

MULTIPLIER FOR DELT = 1.000
INITIAL TIME STEP SIZE = 1.000000
210 RIVER REACHES
LAYER ROW coL STAGE CONDUCTANCE  BOTTOM ELEVATION  RIVER REACH
1 1 68 426 .6 0.5600E+07 386.6 1
1 2 67 426.6 0.5600E4+07 386.6 2
1 2 66 426.5 0.5600E+07 386.5 3
1 3 65 426.4 0.5600E+07 386.4 4
1 3 64 426.3 0.5600E+07 386.3 S
1 4 63 426.2 0.5600E+07 386.2 6
1 5 62 426.1 0.5600E:07 386.1 7
1 5 61 426.0 0.5600E+07 386.0 8
1 5 60 425.9 0.5600E+07 385.9 9
1 5 59 425.8 0.5600E+07 385.8 10
1 6 58 425.7 0.5600E+07 385.7 11
1 7 57 425.7 0.5600E+07 385.7 12
1 7 56 425.6 0.5600E+07 385.6 13
1 ] 55 425.5 0.5600E+07 385.5 14
1 8 54 425.4 0.5600E+07 385.4 15
1 8 S3 425.3 0.5600E+07 385.3 16
1 9 52 425.2 0.5600E+07 385.2 17
1 9 51 425.1 0.5600E+07 385.1 18
1 9 50 425.0 0.5600E+07 385.0 19
1 9 49 424.9 0.5600E+07 384.9 20
1 9 48 424.8 0.5600E+07 384.8 21
1 9 47 424.8 0.5600E+07 384.8 22
1 9 46 424.7 0.5600E+07 384.7 23
1 9 45 424.6 0.5600E+07 384.6 24
1 9 44 424.5 0.5600E+07 384.5 25
1 9 43 424.4 0.5600E+07 384.4 26
1 9 42 424.3 0.5600E+07 384.3 27
1 10 41 424.2 0.5600E+07 384.2 28
1 11 40 424.1 0.5600E+07 384.1 29
1 12 39 424.0 0.5600E+07 384.0 30
1 13 38 423.9 0.5600E4+07 383.9 31
1 14 38 423.9 0.5600E+07 383.9 32
1 15 37 423.8 0.5600E+07 383.8 33
1 16 37 423.7 0.5600E+07 383.7 34
1 17 36 423.6 0.5600E+07 383.6 35
1 18 36 423.5 0.5600E+07 383.5 36
1 19 36 423 .4 0.5600E+07 383.4 37
1 20 35 423.3 0.5600E+07 383.3 38
1 21 34 423.2 0.5600E+07 383.2 39
1 22 33 423.1 0.5600E+07 383.1 40
1 23 32 423.1 0.5600E+07 383.1 41
1 23 31 423.0 0.5600E+07 383.0 42
1 24 30 422.9 0.5600E+07 382.9 43
1 24 29 422.8 0.5600E+07 382.8 44
1 24 28 422.7 . 0.5600E+07 382.7 45
1 24 27 422.6 0.5600E+07 382.6 46
1 24 26 422.5 0.5600E+07 382.5 47
1 24 25 422.4 0.5600E+07 382.4 48
1 24 24 422.3 0.5600E+07 382.3 49
1 24 23 422.2 0.5600E+07 382.2 50
1 23 22 422.2 0.5600E+07 382.2 51
1 23 21 422.1 0.5600E+07 382.1 52
1 23 20 422.0 0.5600E+07 382.0 53
1 24 19 421.9 0.5600E+07 381.9 54
1 24 18 421.8 0.5600E+07 381.8 55
1 23 17 421.7 0.5600E+07 381.7 56
1 23 16 421.6 0.5600E+07 381.6 57
1 23 15 421.5 0.5600E+07 381.5 58
1 22 14 421.4 0.5600E+07 381.4 59
1 22 13 421.3 0.5600E+07 381.3 60
1 22 12 421.3 0.5600E+07 381.3 61
1 22 11 421.2 0.5600E4+07 381.2 62
1 22 10 421.1 0.5600E+07 381.1 63
1 23 9 421.0 0.5600E+07 381.0 64
1 24 9 420.9 0.5600E+07 380.9 65
1 25 9 420.8 0.5600E+07 380.8 66
1 26 9 420.7 0.5600E+07 380.7 67
1 27 10 420.6 0.56008+07 380.6 68
1 28 11 420.5 0.5600E+07 380.5 69
1 29 11 420.4 0.5600E+07 380.4 70
1 30 11 420.4 0.5600E+07 380.4 71
1 31 11 420.3 0.5600E+07 380.3 72
1 32 11 420.2 0.5600E+07 380.2 73
1 33 11 420.1 0.5600E+07 380.1 74
1 34 11 420.0 0.5600E+07 380.0 75
1 35 12 420.0 0.5600E+07 350.6 76
1 35 13 420.2 0.5600E+07 350.7 77
1 36 14 420.3 0.5600E+07 350.7 78
1 36 15 420.5 0.5600E+07 350.8 79
1 37 16 420.7 0.5600E+07 350.9 80
1 37 17 420.8 0.56008+07 350.9 81
1 38 18 421.0 0.5600E+07 351.0 82
1 39 18 421.2 0.5600E+07 351.2 83
1 40 19 421.4 0.5600E+07 351.4 84
1 41 20 421.5 . 0.5600E+07 351.5 85
1 42 20 421.7 0.5600E+07 351.7 86
1 43 21 421.9 0.5600E+07 351.9 87
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422.
422.
422.
422.
422.
422.
423.
423.
423.
423.
423.
423.
424.
424.
424.
424.
424.
424.
425.
425.
425.
425.
425.
425.
426.
426.
426.
426.
426.
426.
427.
427.
427.
427.
427.
427.
428.
428.
428,
428.
428.
429.
429.
429.
429.
429.
429.
430.
430.
427.
426.
426.
426.
426.
426.
426.

25.
425.
425.
425.
425.
425.
424,
424.
424.
424.
424.
424.
423.

423

423.
421.
421.
421.
421.
421.
421.
421.
421.
421.
421.
421.
421.
421.

421

421.
421.

421
421
421
421
421
421
421
421

421.
421.
421.
421.
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0.5600E+07
0.5600E+07
.5600E+07
.5600E4+07
.5600E+07
.5600E+07
.5600E+07
.5600E+07
.5600E+07
.5600E+07
.5600E+07
.5600E+07
.5600F+07
.5600E+07
.5600E+07
.5600E+07
.5600E+07
.S5600E+07
.5600E+07
.5600E+07
.S600E+07
.5600E+07
.5600E+07
.5600E+07
.5600E+07
.5600E+07
.5600E+07
.5600E+07
L:500E+07
.5600E+07
.5600E+07
.5600E+07
.5600E+07
.5600E+07
.5600E+07
.5600E+07
.S600E+07
.S600E+07
.5600E+07
.5600E+07
.5600E+07
.5600E+07
.5600E+07
.S600E+07
.5600E+07
.5600E+07
.5600E+07
.5600E+07
.5600E+07
.1800E+07
.1B800E+07
.1800E+07
.1B00E+07
.1800E+07
.1800E+07
.1800E+07
.1800E+07
.1800E+07
.1800E+07
.1800E+07
.1800E+07
.1800E+07
.1800E+07
.1B00E+Q7
.1800E+07
.1800E+07
.1800E+07
.1800E+07
.1B00E+Q7
.1800E+07
.1800E+07
.S600E+05
.5600E+05
.5600E+05
.5600E4+05
.5600E+05
.5600E+05
.5600E+05
.S600E+05
.5600E+05
.5600E+05
.S600E+05
.5600E+0Q5
.5600F+05
.S600E+05
.5600E+05
.5600E+05
.S600E+05
.5600E+05
.5600E+05
.5600E+05
.5600E+05
.5600E+05
.5600E+05
.5600E+05
.5600E+05
.5600E+05
.5600E+05
.5600E+05

P e e o e - o R - R R R e R o e R e - Rl R e e R R R e R R R e R R e o e N e - ]

32

352.0
352.2
352.4
352.5
352.7
352.9
353.0
353.2
353.4
353.5
353.7
353.9
354.1
354.2
354.4
354.6
354.7
354.9
355.1
355.2
355.4
355.6
355.7
355.9
356.1
356.3
356.4
356.6
356.8
356.9
357.1
357.3
357.4
357.6
357.8
357.9
358.1
358.3
358.4
358.6
358.8
359.0
359.1
359.3
359.5
359.6
359.8
360.0
360.1
412.1
411.9
411.8
411.6
411.4
411.3
411.1
410.9
410.7
410.6
410.4
410.2
410.1
409.9
409.7
409.6
409.4
409.2
409.1
408.9
408.7
408.5
396.2
396.2
396.2
396.2
396.2
396.2
396.2
396.2
396.2
396.2
3%6.2
396.2
396.2
396.2
396.2
396.2
396.2
396.2
396.2
396.2
396.2
396.2
396.2
396.2
396.2
396.2
396.2
396.2

88

90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
17%
180
181
182.
183
184
185
186




1 36 24 421.2 0.5600E+05 396.2 187
1 36 25 421.2 0.5600E+05 396.2 188
1 36 26 421.2 0.5600E+05 396.2 189
1 36 27 421.2 0.5600E+05 396.2 190
1 36 28 421.2 0.5600E+05 396.2 191
1 36 29 421.2 0.5600E+05 396.2 192
1 37 25 421.2 0.5600E+05 396.2 193
1 37 25 421.2 0.5600E+05 396.2 194
1 37 25 421.2 0.5600E+05 396.2 195
1 35 19 421.2 0.2800E+05 406.2 196
1 36 19 421.2 0.2800E+05 406.2 197
1 36 20 421.2 0.2800E+05 406.2 198
1 36 21 421.2 0.2800E+05 406.2 199
1 36 22 421.2 0.2800E+05 406.2 200
1 37 18 421.2 0.2800E+05 406.2 201
1 24 15 420.4 0.1800E+07 405.4 202
1 25 15 420.4 0.1800E+07 405.4 202
1 26 i6 420.4 0.1B800E+07 405.4 204
1 27 16 420.3 0.1800E+07 405.3 205
1 28 16 420.3 0.1800E+07 405.3 206
1 29 15 420.3 0.1B800E+07 405.3 207
1 30 14 420.2 0.1800E+07 405.2 208
1 30 13 420.2 0.1800E+07 405.2 209
1 30 12 420.1 0.1800E4+07 405.1 210

S5 CALLS TO PCG ROUTINE FOR TIME STEP 1 IN STRESS PERIOD 1
33 TOTAL ITERATIONS

MAXIMUM HEAD CHANGE FOR EACH ITERATION:

HEAD CHANGE LAYER, ROW,COL HEAD CHANGE LAYER, ROW,COL HEAD CHANGE LAYER,ROW,COL HEAD CHANGE LAYER,ROW,COL
-9.998 ( 1, 34, 11) 0.7831 ( 1, 79, 64) 0.2435 ( 1, 52, 56) 0.1387 { 1, 42, 58)
0.5073E-01 ( 1, 37, 62) -0.2774E-01 ( 1, 24, 47) -0.1529e-01 ( 1, B0, 66) -0.9997E-02 ( 1, 63, 56)
0.4784E-02 ( 1, 64, 58) ~0.2537E-02 ( 1, 34, 63) 0.7308E-02 ( 1, 41, 52) 0.5763E-02 ( 1, 35, 55)
0.2310E-02 ( 1, 22, 58) -0.1002E-02 ( 1, 47, 59} -0.6764E-03 ( 1, 31, 61) -0.226%E-03 ( 1, 22, 64)

-0,1532E-03 ( 1, 17, 65) -0.8548BE-04 ( 1, 15, 65} ~0.4560E-04 ( 1, 12, 66) 0.2145E-04 ( 1, 76, 61
~0.8398E-05 ( 1, 35, 58) -0.6224E-05 ( 1, 27, 58} -0.3689E-05 { 1, 20, 62) -0.2370E-05 ( 1, 11, 65)
-0.1501E-05 ( 1, 36, 52) -0.7764E-06 ( 1, 16, 64} -0.3898E-06 ( 1, 20, 62) 0.1645E-06 { 1, 10, 66)
-0.1722e-06 ( 1, 32, 52) -0.6593E-07 ( 1, 49, 59) 0.4485E-07 ( 1, 30, 59) 0.4747E-07 ( 1, 36, 57)
-0.1534E-07 ( 1, 39, 59)

MAXIMUM RESIDUAL FOR EACH ITERATION:

RESIDUAL LAYER, ROW,COL RESIDUAL LAYER, ROW,COL RESIDUAL LAYER, ROW,COL RESIDUAL LAYER, ROW,COL
0.2121E+05 ( 1, 40, 41) 9400, ¢ 1, 40, 41) -5311 ¢ 1, 2, 69) 3429 ( 1, 23, 15)
2207. ¢ 1, 24, 18) 1460. ( 1, 24, 18) 881.4 ( 1, 24, 18) 518.2 ( 1, 24, 18)
293.5 ( 1, 24, 18) 174.8 (1, 24, 18) 982.7 (1, 24, 15) 560.9 ( 1, 24, 15}
330.5 ¢ 1, 24, 15) 164.7 ( 1, 24, 15) 76.87 (1, 24, 15) 41.97 ¢ 1, 24, 15)
23.80 ¢ 1, 24, 15) 13.28 ( 1, 24, 15) 6.353 ( 1, 24, 15) 2.991 ¢ 1, 24, 15}
2.569 ( 1, 24, 15) 1.661 ¢ 1, 24, 15) 0.9411 ( 1, 24, 15) 0.5373 ( 1, 24, 15)
0.3130 €1, 24, 15y 0.1519 { 1, 24, 15) 0.7781E-01 ( 1, 24, 15) 0.4247E-01 ( 1, 24, 15}
0.2141e-01 ( 1, 24, 15} 0.1247E-01 ( 1, 24, 15) 0.1021E-01 ( 1, 24, 15) 0.6238E-02 ( 1, 24, 15)
0.5390E-02 ( 1, 24, 15}
HEAD/DRAWDOWN PRINTOUT FLAG = 1 TOTAL BUDGET PRINTOUT FLAG = 0 CELL-BY~CELL FLOW TERM FLAG =21

OUTPUT FLAGS FOR ALL LAYERS ARE THE SAME:
HEAD DRAWDOWN HEAD DRAWDOWN
PRINTOUT PRINTOUT SAVE SAVE

1 0 1 0
" CONSTANT HEAD" BUDGET VALUES WILL BE SAVED ON UNIT 21 AT END OF TIME STEP 1, STRESS PERIOD 1
“FLOW RIGHT FACE * BUDGET VALUES WILL BE SAVED ON UNIT 21 AT END OF TIME STEP 1, STRESS PERIOD 1
“FLOW FRONT FACE " BUDGET VALUES WILL BE SAVED ON UNIT 21 AT END OF TIME STEP 1, STRESS PERIOD 1
" RIVER LEAKAGE®" BUDGET VALUES WILL BE SAVED ON UNIT 21 AT END OF TIME STEP 1, STRESS PERIOD 1
HEAD IN LAYER 1 AT END OF TIME STEP 1 IN STRESS PERIOD 1
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
31 32 33 34 35 36 37 38 39 40 41 42 43 44 45
46 47 48 49 S0 51 52 53 54 55 56 57 58 59 60
61 62 63 64 65 66 67 68 69 70
1 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0
999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0
999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0
999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0
999.0 999.0 999.0 999.0 999.0 999.0 999.0 426.6 428.5 430.0
2 999.0 93%9.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0
999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 $99.0 999.0 999.0 999.0 999.0 999.0
999.0 999.0 999.0 999.0 939.0 999.0 999.0 9%%.0 99%.0 999.0 999.0 999.0 999.0 899.0 999.0
999.0 999.0 999.0 99%9.0 99%.0 999.0 999.0 999.0 999.0 999.0 999.0 99%.0 $999.0 999.0 999.0
999.0 999.0 999.0 99%9.0 999.0 426.5 426.6 427.5 428.7 430.0
3 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0
999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0
999.0 999.0 999.0 939.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0
999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 999.0 $999.0 999.0 999.0 999.0 999.0 999.0
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999.0 999.0

4 999.0 93%9.0

999.0 999.0

999.0 999.0

999.0 999.0

999.0 999.0

5 999.0 999.0

999.0 999.0

999.0 999.0

999.0 999.0

426.0 426.1

6 999.0 999.0

999.0 999.0

999.0 999.0

999.0 999.0

426.3 426.5

7 999.0 999.0

999.0 999.0

999.0 999.0

999.0 999.0

426 .5 426 .7

8 999.0 999.0

999.0 999.0

999.0 999.0

999.0 999.0

426.7 426.9

9 999.0 999.0

999.0 99%.0

999.0 999.0

424.7 424 .8

426.9 427.1

10 999.0 999.0

999.0 999.0

999.0 999.0

424 .7 424.8

427.0 427.3

11 9%9.0 999.0

999.0 999.0

999.0 999.0

424.8 424.9

427.2 427.4

12 999.0 999.0

999.0 999.0

999.0 999.0

424.8 424.9

427.3 427.6

13 999.0 999.0

999.0 999.0

999.0 999.0

424.9 425.0

427 .4 427.7

14 999.0 999.0

999.0 999.0

999.0 999.0

424.9 425.0

427.5 427.8

15 999.0 999.0

999.0 999.0

999.0 999.0

425.0 425.1

427 .6 427.8

16 999.0 999.0

999.0 999.0

999.0 999.0

425.0 425.1

427.7 427.9

17 999.0 999.0

999.0 999.0

999.0 999.0

425.0 425.2

427.8 428.0

18 999.0 999.0

999.0 999.0

9399.0 999.0

425.1 425.2

427.8 428.0

19 999.0 999.0

999.0 999.0

999.0 999.0

425.1 425.3

427.9 428.1

20 999.0 999.0
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999.0

999.0
999.0
999.0
999.0
426.2

999.0
939.0
999.0
999.0
426.5

999.0
999.0
9%9.0
999.0
426.8

999.0
999.0
999.0
999.0
427.0

999.0
999.0
999.0
999.0
427.2

999.0
999.0
999.0
424 .8
427 .4

999.0
999.0
999.0
424.9
427.6

9%99.0
999.0
999.0
425.0
427.7

999.0
999.0
999.0
425.1
427.8

993.0
999.0
999.0
425.1
427.9

999.0
999.¢0
999.0
425.2
428.0

999.0
999.0
999.0
425.2
428.1

999.0
999.0
999.0
425.3
428.2

999.0
999.0
999.0
425.3
428.2

999.0
999.0
999.0
425 .4
428.3

999.0
999.0
999.0
425.4
428.3

999.0

426.3

999.0
999.0
999.0
999.¢
426.5

999.0
999.0
999.0
999.0
426.8

992.0
999.0
999.0
999.0
427.1

999.0
999.0
993%.0
999.0
427.3

999.0
999.0
999.0
999.0
427.5

999.0
999.0
999.0
424.9
427.7

999.0
999.0
999.0
425.0
427.9

989.0
999.0
999.0
425.1
428.0

999.0
999.0
999.0
425.2
428.1

999.0
999.0
999.0
425.2
428.2

999.0
999.0
999.0
425.3
428.3

999.0
999.0
999.0
425.4
428.3

999.0
999.0
999.0
425.4
428.4

999.0
999.0
999.0
425.5
428.5

999.0
999.0
999.0
425.6
428.5

999.0
999.0
999.0
425.6
428.5

999.0

426.4

999.0
999.0
999.0
999.0
426.9

999.0
999.0
999.0
999.0
427.2

999.0
999.0
999.0
999.0
427.5

999.0
999.0
999.0
999.0
427.7

939.0
999.0
999.0
999.0
427.9

999.0
999.0
999.0
425.0
428.0

999.0
999.0
999.0
425.1
428.2

999.0
999.0
999.0
425.2
428.3

999.0
999.0
999.0
425.3
428.4

999.0
999.0
999.0
425.4
428.5

999.0
999.0
9399.0
425.5
428.5

999.0
999.0
999.0
425.5
428.6

999.0
999.0
999.0
425.6
428.7

999.0
999.0
999.0
425.7
428.7

999.0
999.0
999.0
425.7
428.7

999.0
999.0
999.0
425.8
428.8

999.0

426 .9

999.0
999.0
999.0
999.0
427.3

999.0
999.0
999.0
999.0
427.6

999.0
999.0
999.0
999.0
427.9

999.0
999.0
999.0
999.0
428.1

999.0
999.0
999.0
999.0
428.3

999.0
999.0
999.0
425.1
428.4

999.0
999.0
999.0
425.2
428.5

999.0
999.0
999.0
425.3
428.6

999.0
999.0
999.0
425.4
428.7

999.0
999.0
999.0
425.5
428.8

999.0
999.0
999.0
425.6
428.8

999.0
999.0
999.0
425.7
428.9

999.0
999.0
999.0
425.8
428.9

999.0
999.0
423.6
425.8
429.0

999.0
999.0
423.5
425.9
429.0

999.0
999.0
423 .4
425.9
429.0

999.0

427.3

999.0
999.0
999.0
999.0
427.8

999.0
999.0
999.0
999.0
428.1

999.0
999.0
999.0
999.0
428.3

999.0
999.0
999.0
999.0
428.5

999.0
999.0
999.0
999.0
428.7

999.0
999.0
999.0
425.2
428.8

999.0
999.0
999.0
425.3
428.9

999.0
999.0
999.0
425.5
428.9

999.0
999.0
999.0
425.6
429.0

999.0
999.0
999.0
425.7
429.1

999.0
9939.0
999.0
425.8
429.1

999.0
999.0
423.8
425.8
429.1

999.0
999.0
423.7
425.9
429.2

999.0
999.0
423.7
426.0
429.2

999.0
999.0
423.7
426.1
429.2

999.0
999.0
423.6
426.1
429.3

999.0

428.1

999.0
999.0
999.0
999.0
428.4

999.0
999.0
999.0
999.0
428.7

999.0
999.0
999.0
999.0
428.9

999.0
999.0
999.0
999.0
429.0

999.0
999.0
999.0
425.3
429.1

999.0
999.0
999.0
425.4
429.2

999.0
999.0
999.0
425.5
429.2

999.0
999.0
999.0
425.6
429.3

99%.0
999.0
999.0
425.7
429.3

999.0
999.0
423.9
425.8
429.4

999.0
999.0
423.9
425.9
429.4

999.0
999.0
423.9
426.0
429.4

999.0
999.0
423.9
426.1
429.5

999.0
999.0
423.9
426.2
429.5

999.0
999.0
423.8
426.2
429.5

999.0
999.0
423.8
426.3
429.5

999.0

34

429.0

999.0
999.0
999.0
999.0
429.2

999.0
999.0
999.0
999.0
429.3

999.0
999.0
999.0
999.0
429.4

999.0
999.0
999.0
999.0
429.5

999.0
999.0
999.0
425.4
429.5

999.0
999.0
999.0
425.5
429.6

999.0
999.0
999.0
425.7
429.6

999.0
999.0
999.0
425.8
429.6

999.0
999.0
424.0
425.9
429.7

999.0
999.0
424.0
426.0
429.7

999.0
999.0
424.0
426.1
429.7

993.0
999.0
424.0
426.2
429.7

999.0
999.0
424.0
426.3
429.7

999.0
999.0
424.0
426.3
429.7

999.0
999.0
424.0
426.4
429.7

999.0
999.0
424.0
426.5
429.8

999.0

430.0

999.0
999.0
999.0
999.0
430.0

999.0
999.0
999.0
999.0
430.0

999.0
999.0
999.0
999.0
430.0

999.0
999.0
999.0
999.0
430.0

999.0
999.0
999.0
425.5
430.0

999.0
999.0
999.0
425.7
430.0

999.0
999.0
999.0
425.8
430.0

999.0
999.0
424.1
425.9
430.0

99%.0
999.0
424.1
426.1
430.0

999.0
999.0
424.1
426.2
430.0

999.0
993.0
424.1
426.3
430.0

989.0
999.0
424.1
426.4
430.0

999.0
999.0
424.2
426 .4
430.0

999.0
999.0
424.2
426.5
430.0

999.0
999.0
424.2
426.6
430.0

999.0
999.0
424 .2
426.7
430.0

999.0

999.0
999.0
999.0
999.0

999.0
999.0
999.0
999.0

999.0
999.0
999.0
999.0

999.0
999.0
999.0
425.6

999.0
999.0
999.0
425.7

999.0
999.0
999.0
425.9

999.0
999.0
424.2
426.0

999.0
999.0
424.2
426.1

939.0
999.0
424.2
426.2

999.0
999.0
424.3
426 .4

999.0
999.0
424.3
426.5

999.0
999.0
424.3
426.5

999.0
999.0
424.3
426.6

999.0
999.0
424.3
426.7

999.0
999.0
424.3
426.8

999.0
999.0
424.3
426.8

999.0

999.0
999.0
999.0
999.0

999.0
999.0
999.0
999.0

999.0
999.0
999.0
999.0

999.0
999.0
999.0
425.7

999.0
999.0
999.0
425.9

999.0
999.0
424.3
426.0

999.0
999.0
424.3
426.2

999.0
999.0
424.3
426.3

999.0
999.0
424.4
426 .4

999.0
999.0
424.4
426.5

999.0
999.0
424 .4
426.6

999.0
989.0
424 .4
426.7

999.0
999.0
424 .4
426.8

999.0
999.0
424.5
426.9

999.0
999.0
424.5
427.0

999.0
999.0
424.5
427.0

999.0

999.0
999.0
999.0
999.0

999.0
999.0
999.0
999.0

999.0
999.0
999.0
425.7

999.0
999.0
999.0
425.9

999.0
999.0
999.0
426.1

999.0
999.0
424 .4
426.2

999.0
999.0
424.4
426.4

999.0
999.0
424 .4
426.5

999.0
999.0
424.5
426.6

999.0
999.0
424.5
426 .7

999.0
999.0
424.5
426.8

999.0
999.0
424.5
426.9

999.0
999.0
424.6
427.0

999.0
999.0
424.6
427.1

999.0
999.0
424.6
427.2

999.0
999.0
424.6
427.2

999.0

999.0
999.0
999.0
999.0

999.0
999.0
999.0
425.8

999.0
999.0
999.0
425.9

999.0
999.0
999.0
426.1

999.0
999.0
999.0
426.3

999.0
999.0
424.5
426.4

999.0
999.0
424.5
426.6

999.0
999.0
424.6
426.7

999.0
999.0
424.6
426.8

999.0
999.0
424.6
427.0

999.0
999.0
424 .7
427.1

999.0
999.0
424.7
427.2

999.0
999.0
424 .7
427.2

999.0
999.0
424.7
427.3

999.0
999.0
424.8
427 .4

999.0
999.0
424.8
427.4

999.0

999.0
999.0
999.0
999.0

999.0
999.0
999.0
425.9

999.0
999.0
999.0
426.1

999.0
999.0
999.0
426.3

999.0
999.0
99%9.0
426.5

999.0
999.0
424.6
426.6

999.0
999.0
424.6
426.8

999.0
999.0
424.7
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420.3
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421.3
424.7
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420.0
421.3
424.8
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999.0
421.3
424.8
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421.3
424.9
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999.0
424.5
427.1

999.0
999.0
424.5
427.2

421.3
999.0
424.6
427.2

421.1
999.0
424.6
427.3

420.9
422.6
424 .6
427.3

420.8
422.3
424.6
427 .4

420.6
422.1
424.6
427.4

420.5
421.8
424.7
427.4

420.4
421.5
424.7
427.5

420.3
421.3
424.7
427.5

420.1
421.3
424 .8
427.5

420.2
421.3
424.8
427.6

420.2
421.3
424 .8
427.6

420.2
421.3
424.9
427.6

420.1
421.3
425.0
427.7

420.0
421.3
425.0
427.7

999.0
421.4
425.1
427.7

999.0 999.0 9399.0
424.7 424 .8 425.0
427.3 427.5 427.7
999.0 999.0 999.0
999.0 999.0 999.0
424.7 424.9 425.0
427.4 427.6 427.8
421.3 421.4 999.0
999.0 999.0 999.0
424.7 424.9 425.1
427 .4 427.6 427.8
421.1 421.2 421.5
999.0 999.0 999.0
424.7 424.9 425.1
427.5 427.7 427.9
420.9 420.8 420.4
422.7 422.8 422.9
424 .8 425.0 425.1
427.5 427.7 427.9
420.7 420.6 420.4
422.5 422.6 422.7
424.8 425.0 425.2
427.5 427.7 427.9
420.6 420.5 420.4
422.2 422.4 422.5
424 .8 425.0 425.2
427.6 427.8 428.0
420.5 420.4 420.4
421.9 422.1 422.3
424.9 425.0 425.2
427.6 427.8 428.0
420.4 420.4 420.3
421.7 421.9 422.1
424.9 425.1 425.3
427.7 427.8 428.0
420.3 420.3 420.3
421.4 421.7 421.9
424.9 425.1 425.3
427.7 427.9 428.1
420.2 420.2 420.4
421.3 421 .4 421.7
425.0 425.2 425.3
427.7 427.9 428.1
420.2 420.3 420.4
421.3 421.3 421.5
425.0 425.2 425.4
427.8 427.9 423.1
420.3 420.3 420.4
421.3 421 .4 421.4
425.0 425.2 425.4
427.8 428.0 428.1
420.2 420.3 420.5
421.4 421.4 421.4
425.1 425.3 425.5
427.8 428.0 428.2
420.2 420.3 420.5
421.4 421.4 421.5
425.2 425.3 425.5
427.8 428.0 428.2
420.2 420.3 420.5
421.4 421 .4 421.6
425.2 425.4 425.6
427.9 428.0 428.2
999.0 420.3 420.5
421.4 421.5 421.8
425.3 425.5 425.7
427.9 428.1 428.3
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428.4 428.6
37 999.0 999.0
420.7 420.8
422.4 422.7
425.9 426.1
428.4 428.6
38 999.0 999.0
999.0 999.0
422.6 422.9
425.9 426.1
428.5 428.6
39 999.0 999.0
999.0 999.0
422.8 423.0
426.0 426.2
428.5 428.7
40 999.0 929.0
999.0 999.0
423.0 423.2
426.0 426.2
428.5 428.7
41 999.0 993.0
993.0 999.0
423.2 423.4
426.1 426.3
428.5 428.7
42 999.0 999.0
999.0 999.0
423.3 423.5
426.1 426.3
428.6 428.7
43 999.0 939.0
999.0 999.0
423.5 423.7
426.2 426.3
428.6 428.7
44 999.0 999.0
999.0 999.0
423.7 423.9
426.2 426.4
428.6 428.8
45 999.0 999.0
999.0 999.0
423.7 423.9
426.3 426.4
428.6 428.8
46 999.0 999.0
99%.0 999.0
423.7 423.9
426.3 426.5
428.6 428.8
47 999.0 999.0
999.0 9935.0
423.7 423.9
426.3 426.5
428.7 428.8
48 999.0 999.0
999.0 929.0
423.9 424.0
426 .4 426.6
428.7 428.8
49 999.0 999.0
999.0 999.0
999.0 424.1
426.5 426.6
428.7 428.9
50 999.0 999.0
999.0 299.0
999.0 969.0
426.5 426.7
428.7 428.9
S1 999.0 999.0
999.0 999.0
999.0 999.0
426.6 426.7
428.8 428.9
52 999.0 999.0
999.0 999.0
999.0 999.0
426.7 426.8
428.8 428.9
53 999.0 999.0
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999.0 999.0 999.0
999.0 999.0 999.0
429.5 429 .4 429.4
429.7 429.8 429.8
999.0 999.0 999.0
999.0 999.0 999.0
999.0 999.0 999.0
429.6 429.6 429.6
429.7 429.8 429.8
999.0 999.0 999.0
999.0 999.0 999.0
999.0 999.0 999.0
429.8 429.7 429.7
429.7 429.8 429.8
999.0 999.0 999.0
999.0 999.0 999.0
999.0 999.0 999.0
430.0 429.9 429.8
429.7 429.8 429.8
999.0 999.0 999.0
999.0 999.0 999.0
999.0 999.0 999.0
999.0 430.1 429.9
429.7 429.8 429.8

429.8 429.9
999.0 999.0
999.0 999.0
999.0 993.0
428.7 428.8
429.9 429.9
999.0 999.0
999.0 999.0
999.0 999.0
428.9 428.9
429.9 429.9
999.0 999.0
999.0 999.0
999.0 999.0
429.0 429.0
429.9 429.9
999.0 999.0
999.0 999.0
999.0 999.0
429.1 429.1
429.9 429.9
999.0 999.0
999.0 999.0
999.0 999.0
429.2 429.2
429.9 429.9
999.0 999.0
999.0 999.0
999.0 999.0
429.3 429.3
429.9 429.9
999.0 999.0
999.0 999.0
999.0 999.0
429.4 429 .4
429.9 429.9
999.0 999.0
999.0 999.0
999.0 999.0
429.5 429.5
429.9 429.9
999.0 999.0
999.0 999.0
999.0 999.0
429.6 429.6
429.9 429.9
999.0 999.0
999.0 999.0
999.0 999.0
429.7 429.6
429.9 429.9
999.0 999.0
999.0 999.0
999.0 999.0
429.7 429.6
429.9 429.9

20 AT END OF TIME STEP 1, STRESS PERIOD 1

430.

993.
999.
999.
428.
430.

999.
999.
999.

430.

999.

430

999.

999

999.
429,
430.

999.
999.
999.
429.
430.

999.
999.
999.
429.
430.

999.
999.
999.
429.
430.

999.
999.
999.
429.
430.

OWOOO ONOOO ONOOD OMNOOO O00O0O0

om0 OO0

=]

cwooo

CNOOO OUVOOD OUVODO

oo o0

VOLUMETRIC BUDGET FOR ENTIRE MODEL AT END OF TIME STEP

STORAGE

CONSTANT HEAD

RIVER

LEAKAGE

OUT:

STORAGE

CONSTANT HEAD

RIVER

LEAKAGE

TOTAL OUT

IN - OUT

PERCENT DISCREPANCY

Page 16 APPENDIX 2

TOTAL IN =

0.00000E+00
0.76188E+06
0.65119E+06

=]

.14131E+07

.00000E+00
.00000E+00
.14132E+07

c oo

<o

.14132E+07

-133.38

-0.01

38

999
999

999.

429

999

999.
999,

429

999.

999

999.

429

999.
999.
999.
429.

999

999.
999.
429.

999.
999.
999.
429.

999.
999.
999.
429.

999.
999.
999.
429.

999

999.
999.

429

999.
999.
999.
429.

999.
999.
999.
429.

.0
.0

.0

o oo wooo vwooo a0 o0 wo oo wo oo vo oo —~o o0 ==X

o oo

999.
999.
999.
429.

999.
999.
939,
429.

999.
999.
999.
429.

399.
999.
999.
429.

999.
999.
99,
429.

999.
999.

999

429.

999.

999

999.
429.

999
999
999
429

999.
999.
999.
429.

999.
999.
999.
429.

999.
999.
909.
429.

D0.00 _o oo

nooo

[SR-N-N-) vooo ~o oo coo o

wooo

wo oo

vwo oo

nooo

999.0
999.0
999.0
429.1

999.0
999.0
999.0
429.2

999.0
999.0
999.0
429.2

999.0
999.0
999.0
429.3

939.0
999.0
999.0
429.3

999.0
999.0
999.0
429.4

999.0
999.0
999.0
429.4

999.0
999.0
999.0
429.5

999.0
999.0
999.0
429.5

999.0
999.0
999.0
429.5

999.0
999.0
993.0
429.5

1 IN STRESS PERIOD 1

STORAGE
CONSTANT HEAD
. RIVER LEAKAGE

TOTAL IN =

OUT:

TOTAL OUT

IN - ouT

STORAGE
CONSTANT HEAD
RIVER LEAKAGE

nwonou

H

PERCENT DISCREPANCY =

999.
999.
999.
429,

999.
999.
999.
429.

999.
999.
999,
429.

999.
999.
999.
429,

999.
999.
999.
429.

999.
999,
999.
429.

999.
999.
999.
429.

999.
999.
999.
429.

999
999

999.
429.

999.
999.
999.
429.

999.
999.
999.
429.

No oo

nwo oo a0 oo -0 0o wo oo wooo NOo OO NO oo

nwooo

nwo oo

no oo

999.0
999.0
999.0
429.3

999.0
999.0
999.0
429.3

999.0
999.0
999.0
429 .4

999.0
999.0
999.0
429.4

999.0
999.0
999.0
429 .4

999.0
999.0
999.0
429.5

999.0
999.0
999.0
429.5

999.0
999.0
999.0
429.5

999.0
999.0
999.0
429.5

999.0
999.0
999.0
429.6

999.0
999.0
999.0
429.6

L**3/T

0.00000E+00
0.7618BBE+06
0.65119E+06

0.14131E+07

0.00000E+00
0.00000E+00
0.14132E+07

0.14132E+07

-133.38

-0.01




‘TIME SUMMARY AT END OF TIME STEP

TIME STEP LENGTH
STRESS PERIOD TIME
TOTAL SIMULATION TIME

SECONDS

1 IN STRESS PERIOD 1

MINUTES

HOURS

B86400.0
86400.0
86400.0

1440.00
1440.00
1440.00

24.0000
24.0000
24.0000

39

1.00000
1.00000
1.00000

0.273785E-02
0.273785E-02
0.27378SE-02

APPENDIX 2 Page 17



APPENDIX 3

Selected well drillers’ logs, aquifer test data,
and ground-water quality data for Fort Yukon, Alaska

from U.S. Public Health Service village files

APPENDIX A-3



SUBSURFACE SOIL INVESTIGATION
FOR )
U.S. PUBLIC HEALTH SERVICE
SEWER LAGOON LOCATION
FT. YUKON, ALASKA

R&M CONSULTANTS, INC.
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R ¢

. ANCHORAGE
FAIRBANKS

CONSULTANTS, INC. JUNEAU

249 EAST SIST AVENUE . P-O. BOX 6087 “ ANCHORAGE., ALASKA 99503 . TELEPHONE 907-279-0483 . TELEX 090-35419

March 31, 1976 R & M No. 612508

Mr. Charles P. Cummiskey

U. S. Public Health Service
P. 0. Box 7-741

Anchorage, Alaska 99510

Re: Soil Investigation: Sites 2, 3, and 4, Sewer lLagoon Location
Public Law 86-721 Project, Ft. Yukon, Alaska

Dear Mr. Cummiskey:

We are submitting herewith four copies of the results of test borings
drilled at the subject sites. The work has been performed in accor-
dance with your letter of March 4, 1976. Your reference number for the
project was given as A-PC (243-76-0168).

Also included with this letter are two location diagrams which present
the locations of the test holes.

Should you have any questions with regard to the enclosed information,
please do not hesitate to contact us.

Very truly yours,

R & M CONSULTANTS, INC.

é? James ¥W. Rooney

Vice President
JWR/DM/tk

Enclosures

42 .



TH.2
&

HILL STREET

TH! SITE 2

EAST FIRST AVENUE

\-ROW. (Typ)

-

EAST THIRD AVENUE

('R.O.W. (Typ)
*__ . .
128 TH.S TH.3
Laj ® 6 6
- TH4
w
é' ~SITE 3
-4
<t
NOTE: ALL TEST HOLE LOCATIONS WERE Pt_ACED
AS SPECIFIED BY U.S. PUBLIC HEALTH
SERVICE REPRESENTATIVE.
XQ}J BORING LOCATIONS
- Q ' SOIL INVESTIGATION-SEWER LAGOON LOCATION

PUBLIC LAW 86-12t PROJECT
R &M CONSULTANTS, INC.. . @3) FT.. YUKON, ALASKA

—
AAre R _OY_re | PP "_ A | IR, T




/ /N \\\ N
/A . \\\\ \\
V4 / ~ N\ ~
/ N ~ ~
//// RN \\ \\
~ ~
¢ THI2Z N\ X\

N,
. FUTURE 7
~THrRO CELL S/ [/ /
~ /

TH.I0

TH7 ®
SECOND CELL
TH. 16 n
4]
FIRST CELL
TH.6
4/}
SITE 4
NOTE: ALL TEST HOLE LOCATIONS WERE PLACED
AS SPECIFIED BY U.S PUBLIC HEALTH
SERVICE REPRESENTATIVE.
X@ ~ ’ BORING LOCATIONS
Q : . SOIL INVESTIGATION -SEWER LAGOON LOCATION
M PUBLIC LAW 86-121 PROJECT
R &M CONSULTANTS, INC. (44) FT. YUKON, ALASKA

DaTE  3-22-T6 [scu.e I"z200't |oww may LDS [cwo er JF [prou no. 612508 Towa no.  A-02




SOILLS5
CLASSIFICATION, CONSISTENCY AND SYMBOLS

CLASSIFICATION: Identification and classification of the soil is accomplished in
accordance with the Unified Soil Classification System. Noxrmally, the grain size
distribution determines classification of the soil. The soil is defined according to
major and minor constituents with the minor elements serving as modifiers of the
major elements, For cohesive soils, the clay becomes the principal noun with the
other major soil constituents used as modifier; i. e, silty clay, when the clay particles
are such that the clay dominates soil properties. Minor soil constituents may be
added to the classification breakdown in accordance with the particle size proportion
listed below; i.e, sandy silt w/some gravel, trace clay.

nocall - 0~ 3% trace - 3 - 12% some - 13 - 30%

SOIL CONSISTENCY - CRITERIA: Soil consistency as defined below and determined
by normal field and laboratory methods applies only to non-frozen material, For
these materials, the influence of such factors as soil structure, i.e. fissure
systems, shrinkage cracks, slickensides, etc., must be taken into consideration
in making any correlation with the consistency values listed below. In permafrost
zones, the consistency and strength of frozen soils may vary significantly and
unexplainably with ice content, thermal regime and soil type.

Cohesionless Cohesive

N*(blows/£ft) Relative Density T - (tsf)
Loose ' 0-~10 0 to 40% Very Soft 0 - 0.25
Medium Dense 10 - 30 40 to 70% Soft 0.25-0,5
Dense 30 - 60 70 to 90% Stiff 0.5 -1.0
Very Dense - 60 90 to 100% Firm 1.0 -2.0
*Standard Penetration "N": Blows per foot of Very Firm 2.0 -4,0
a 140-pound haramer falling 30 inches on a Hard -4.0
2-inch OD split-spoon except where noted.

DRILLING SYMBOLS

WO: Wash Out WD: While Drilling

WL: Water Level . BCR: Before Casing Removal

WCI: Wet Cave In ACR: After Casing Removal

DCI: Dry Cave In AB:  After Boring

: WS: While Sampling - TD:  Total Depth

Note: Water levels indicated on the boring logs are the levels measured in the
boring at the times indicated. In pervious unfrozen soils, the indicated elevations
are considered to represent actual ground water conditions. In impervious and
frozen soils, accurate determinations of ground water elevations cannot be obtained
within a limited period of observation and other evidence on ground water elevations
and conditions are required,

R $ M. CONSULTANTS, INC. (49_) ' GENERAL NOTES

DATE

3-1-72 |[scae  N/A fown av  L0S |cHwo By GLB  |PROJ. NO. GENERAL |ows NO.  8-0I




STANDARD _SYMBOLS

~~|  ORGANIC MATERIAL COBBLES 8 BOULDERS IGNEOUS ROCK SANDY SILT
XeleleXs |
SILT GRADING TO
3 CLAY Bi553]  CONGLOMERATE METAMORPHIC ROCK pvtiaeril
SANDY GRAVEL,
SILT SANDSTONE ICE, MASSIVE SCATTERED COBBLES
(ROCK FRAGMENTS)
== i INTERLAYERED SAND
SAND MUDSTONE ICE - SILT 8 SANDY ey
i1 A ’
909  GRAVEL LIMESTONE %A ORGANIC SILT 777 SILTY CLAY w/TR SAND
00, T A o] s

SAMPLER TYPE SYMBOLS

t.....04" SPLIT SPOON WITH 47 # HAMMER Ts....SHELBY TUBE

S.....L4" SPLIT SPOON WITH 140 # HAMMER Tm....MODIFIED SHELBY TUBE
1.....25" SPLIT SPOON WITH 140 # HAMMER : Pb....PITCHER BARREL

h.....25" SPLIT SPOON WITH 340# HAMMER Cs . ... CORE BARREL WITH SINGLE TUBE
X .....20" SPLIT SPOON WITH 140 # HAMMER Cd....CORE BARREL WITH DOUBLE TUBE
b S I.4: SPLIT SPOON WITH 340# HAMMER BS....BULK SAMPLE

Peve..25" SPLIT SPOON, PUSHED Ao . ... AUGER SAMPLE

S.....0L4" SPLIT SPOON DRIVEN WITH AIR HAMMER G.....GRAB SAMPLE

]

e....25" SPLIT SPOON DRIVEN WITH AIR HAMMER

OTE: SAMPLER TYPES ARE EITHER NOTED ABOVE THE BORING LOG OR ADJACENT TO IT AT THE RESPECTIVE
SAMPLE DEPTH. ’

TYPICAL BORING LOG

BORING NUMBER 1 . 30-15 Elev. 274.6 =~ ELEVATION IN FEET
DATE DRILLED~ev_2,.70 All Samples Ss,s.agpwﬁ TYPE
= ORGANIC MATERIAL v
Consid. Visible Ice 0-7  ICE+ML
_ICE-SILT
SAMPLER TYPE~_ Estimate 65% Visible Ice
Ss (1) 90,56.2%,8C5pcfx, MLY
AFTER BORING P N orara
9 AR X SANDY SILT WGE
WATER TABLES o 5 APPROXIMATE STRATA CHANGE
115 Wo—% —— T T 4

/ l
WHILE DRILLING Liftle toNo Visible lce 13-30"  Vy ——/CE, DESCRIPTION 8 CLASSIFICATION

72,571%, 85.9pct, 283 GP_  (CORPS OF ENGINEERS METHOD)
N _ “UNIFIED OR FAA CLASSIFICATION
TEMPERATURE, °F

ORY DENSITY
WATER CONTENT
BLOWS/FOOT
SAMPLE NUMBER

SANDY GRAVEL

FROZEN GROUND

26
Cd \@) 95 SCHIST —— GENERALIZED SOIL OR ROCK DESCRIPTION
SAMPLE LOCATION 50" <—DRILL DEPTH

¥ WEIGHTED AVERAGE
4 ADDITIONAL DATA AVAILABLE ON SUPPLEMENTAL LAB SHEETS

¢ & AL CoNSULTANTS, Inc. | @5 _ EXPLANATION OF SELECTED SYMBOLS

TE 2-16-72 !SCALE NONE OWN BY LDS CHKD BY GLB lPROJ. No. GEMERAL |owc No. B-02

—




RéM

EXPLANATION OF ICE SYMBOLS

0% No Visible Ice
1% - 10% Little Visible Ice
11% - 20% Occasional Visible Ice
21% - 35% Some Visible Ice
>35% Considerable Visible Ice

ICE DESCRIPTIONS

Percentage of visible ice has been grouped for the purpose of designating the
amount of soil ice content. These groups have arbitrarily been set out
as follows:

The ice description system is based on that presented by X. A, Linell, and
C. W. Kaplar (1966). In this system, which is an extension of the Unified
Soil Classification System, the amount and physical characteristics of the
soil ice are accounted for, The following table is a brief summary of the
salient points of their classification system as modified to meet the needs
of this study.

GROUP SUBGROUP
ICE VISIBILITY & CONTENT
SYMBOL DESCRIPTION | SYMBOL
Poorly bonded
or friable N¢
isi INo excess [
N lce not visible . weit- ficer o] L'.q.b_"_
bonded 1Excess by Np
lice 1 e
Individual ice
crystals or Vx
inclusions
lce coatings v
. on particles c
Vv lce visible, <50% Random or
irregular
orieqnted lyce Ve
formations
Stratified or
distinctly oriented Vs
ice formations
.. ° Ice with soil ICE +
(CE lce visible, >50% inclusions soil type
o " . * {ce without
Individual layer >6" thick il inclusions ICE

* |n some cases where the soil is ice poor a thin ic'e tayer may ba called out

by special notation on the log, ie 2" ice lens at 7.

CONSULTANTS, INC.

EXPLANATION OF ICE SYMBOLS

OATE 3-1-72

ISCALE

N/A !owu ay LDS

lCHKD a8y

GL8 1PROJ. NO. GENERAL Iowc NO.

B-03

~~~~~

(47) |




=¥ I

R &M CONSULTANTS, INC.

f ) 288%

-.: 2. @ 8.0%

| © 2%

N .
[]
]
?

Alt Samples A
A~ ORGANIC MATERIAL
Little Visible Ice 0-4.5 Vs

ST w/ SOME SAND,
TR. ORGANIC MATERIAL

Occasional Visible lce 4.5'-8.5 Vg

No Visitie ice 8.5-40' 8.5

® es%
SAND w/ SOME GRAVEL
TR SUT

@ 15.4% -

GRAVELLY SAND

Scattered Cobbles 30 -40

. @ 69%

SANDY GRAVEL

BORING LOG

SOIL INVESTIGATION -SEWER LAGOON LOCATION
PUBLIC LAW 86-12t PROJECT

caTe  3-22-76 [scu.z 1"=5

|owm av

FT YUKON, ALASKA
.DS

[o«o oy JF ]mou. NO. 6!2508“lm ~o.  B-04




TH. 2
- 3-19-76 All Samples A o
Little Visible ice 0-20"
A SILT w/TR. ORGANIC MATERIAL

SANDY SILT : :
() =8% .
S ' 75
-.‘3.‘ ' '
n‘i () es%

Tax GRAVELLY SAND
& .

SR 12,5
O

o

SO %

2 SANDY GRAVEL

1 @ or

X@ BORING LOG
. SOIL INVESTIGATION-SEWER LAGOON LOCATION

RDR ™~ PUBLIC LAW 86-121 PROJECT

) am cau.uummuwc. j @9) FT. YUKON, ALASKA

Lf»'l’e 3-22-76 lscu.: "z’ |ovm 1 12 LDS lo«o av JF {P«o.; ~no. 612503 .lowo NO. B-05




) © TR 3 _ ,
3-13-76 All Samples A .

N 0 4, o
o Little Visible lce 0-40
N/ \ ORGANIC MATERIAL .
05
SILT w/TR.SAND
| O e%

. £ 7
f SAND w/SOME SILT .
%5 85
gl @ 2%

INTERLAYERED SANOY GRAVEL
AND GRAVELLY .SAND,
BOTH w/TR.SILT

32

Scattered Cobbles 32-~40

— Xﬁ-‘ BORING LOG .
i . SOIL INVESTIGATION -SEWER LAGOON LOCATION
R i : } PUBL:__(%_ LAW gs-nz: PRA)JECT
- YUKON, ALASKA .
(50)

R& M CQN.ULTANTB,!NC.

Care  3-22-76 [scm.z =5 IowN sy LDS [cmomr JF ]moum 612508 [owo No. B-06




! ﬁ

Q&M W‘mt

=X

b
5=

4

Al

-76 All Samples A o

~____ ORGANIC MATERIAL
Littte Visible ice 0 -7.5 Vg

SILT

@ 28.2%

SAND w/ SOME SILT

Littte Visible Ice 7.5'-40' Ve

® 8.4%

SAND w/ TR. SILT

2
% | ) 109%

©) 5.4%

@ e1%

INTERLAYERED SANDY GRAVEL
& GRAVELLY SAND,

BOTH w/ TR. SKT

@ 7.0%

33

@ 4%

SANDY GRAVEL w/TR. SILT

)

nc...‘

v w-— i

g | ® 77% 440,

BORING LOG

SOIL INVESTIGATION- SEWER LAGOON LOCATION
PUBLIC LAW 86-121 PROJECT

(5: /) FT YUKON, ALASKA

X228

‘Q(‘A! -

"

-

| P [BNa R | O— JF lomn. rn 612508 laca wea




=Y Y|

REMm CON.ULYANTS, NG,

TH. S

3-19-76

All Somples A

4,

Little Visble ke 0-65'

g
(A

SILT w/TR. ORGANIC MATERIAL

SILT

Q) 281%

Littie Visible kce 65-39
SAND w/SOME SILT

c
8s

@ 3%

B 3%

SANOY GRAVEL

@ 62%

() 68%

39

SOIL INVESTIGATION - SEWER LAGOON LOCATION

BORING LOG

PUBLIC LAW 86-121 PROJECT

(¢2)

FT. YUKON, ALASKA

DaTE

3-22-76 ]Z:au 1"=3

iDW By

LDS lo«o [ 14

" JF

[m ~no. 612508 l°‘"° NO

B-08




0
ICE AND WATER
(Loke)

; s
&L Saturated 5-27 . .

ssu'(?) a5

SANOY GRAVEL w/TR. SILT
27’
BORING LOG

‘ I_\X@"M l

Ram con-uurAmm'rNc.

3

SOIL INVESTIGATION-SEWER LAGOON LOCATION
PUBLIC LAW 86-121 PROJECT
FT. YUKON, ALASKA

oaTe

3-22-76 [scm.a: 1”=5' }Ovm oY

LDS

]ca«oav JF ]m no 612508 l°“'° NO.

B-09




3-20-76 All Somples A

ORGANIC SILT 0s
SILT
25
SAND w/SOME SILT
(V) 200% o
GRAVELLY SAND w/TR. SILT
@ 68%
2 12 _
@ 77%
‘o] 5? SANOY GRAVEL w/TR. SILT
S22 Little Visble los 18.5'-26
) 2] @ 75%
R
0D .
9
‘.‘?{;5.{
;-‘?-.e' q 26-
XQB BORING LOG -
SOIL INVESTIGATION- SEWER LAGOON LOCATION
[ 2 PUBLIC LAW 86-121 PROJECT .
Ram con.ucrnm iNC. FT. YUKON, ALASKA
. )
oaTe  3-22-% Ecu.t 1”=5' [ovm sv LDS Io«o av JF lmcu ~o. 612508 lowo NO. B-10



T.H 8
3-20-76 All Somples A

Tr. Gravel O-1'
SILT

K SANOY SILT
(D) 269% o

GRAVELLY SAND w/TR. SILT

. @ 59%

HSAB —= Saturated 1.5~135

2 Occasional Visible ice 13.5~20
& @ 689%
t;-‘

SANDY GRAVEL w/TR. SILT

Little Visible lce 20'-25'

@ 9%
(-2

25

SOIL INVESTIGATION - SEWER LAGOON: LOCATION
SUSLIC LAW 86-121 PROJECT

asm CON?QJLTMINC. (5.5) FT YUKON, ALASKA

‘ =’X l ~ BORING LOG

caTE  3-22-76 |scae  F:5  |cw~se- LIS  |owosr JF [pros no. 6:2508 lowa w0 B-II




9
-20-76 All Somples A

0
SILT
15
5 SILTY SAND
GRADING TO SAND w/SOME SILT .
. 4.A_B. A 4 f g
' ® a%
9' w.n.
4 @ »%
S GRAVELLY SAND w/TR. SILT ‘
g SANDY CRAVEL Cw/IR. SILT
® 48%
@) 7%
22
SAND w/SOME GRAVEL,TR. SILT
(G) 65%
: 275’
XQ)J BORING LOG
SOIL INVESTIGATION - SEWER LAGOON LOCATION
[ J '* - PUBLIC LAW 86-121 PROJECT
R &M CONSULTANTS, INC. FT. YUKON, ALASKA
| (e
care  3-22-76 |3cace  {":5'

lown 3% LDS Ic»mo ar JF lpno.: ~no. 612508 IM NO. B-12




‘ A T

= &M CONSUQJAN'I'B, [1, | ==

T.H. 10
3-20-76 All Samples A .
' AP AL 0

(_ ORGANIC MATERIAL

Tr. Organic Material Q5 -1'
SILT

s

SILTY SAND
© s

35

2, Y o D ) ~ '..- IR
e L AT e
G Sy i " b

e

> Q’-Q
o9,

:9“,9'. 3 " . 2’

o

@ 74% . -

SANDY GRAVEL w/TR. SILT

@ 48%

§ 6800

Al
TpHIAN
R

0
0-9..0

® 7%

(5) 165%

£ 26 pg\

ICE w/SOME SAND 8 GRAVEL . .

23a% Little Visible I -40'
"f@g Little Visible ice 28-40

SANDY GRAVEL w/TR. SILT .

X§%1 )

40

BORING LOG

SOIL INVESTIGATION-SEWER LAGOON LOCATION

PUBLIC LAW 86-121 PROJECT
FT. YUKON, ALASKA

(57)

DATE

3-22-76

Lscauc t"=s’ ‘Dwn av

LoS lo«o sy JF

imo.:. ~o. 612508 |owa noO

B-13




DCL OR WCL®

TH 1l _
3-21-76 All Samples A .

224 ORGANIC MATERIAL 0.5

L5 SILT LS

SAND w/SOME SILT

(M) 24.1%

'\'.‘._i}‘»,.

55

b
AR

(3
%

)
g

B

GRAVELLY SAND w/SOME SILT -

{-_ @ 13.3%

12

-9
Pk
aoh%

o
P

Little Visible ice 13.5'- 27"

0.Q.
W ERTXY
?:!:"0-
TR

2

ont
0010

'8
»:

o
«9 -0

SANDY GRAVEL w/TR.SILT

* DRY CAVE-IN OR WET CAVE- INATAPPROX 65
COULD NOT IDENTIFY WATER TABLE
CONDITION DUE TO CAVE-IN
X,_\“_)J BORING LOG
SOIL INVESTIGATION-SEWER LAGOON LOCATION
M '\ - PUBLIC LAW 86-121 PROJECT
Ram CONSULTANTS, INC. . | Cg'e) FT. YUKON, ALASKA
caTe  3-22-T6 Iscn.l: =5 iom ary LDS Lcmto ar JF ]m ~o. 612508 ]m ~O.  B-14




S

REM CONSBULTANTS, INC.

X

T.H. 12

3-21-76

All Samples A

I~

ORGANIC MATERIAL

SILT

SILTY SAND

(D 6.8%

Dump5 g

Slightty Moist %o Moist 8-18'

® 35%

SANDY GRAVEL w/TR SILT

3 10%

Little Visible lce 18'-27"

27

BORING LOG

SOIL INVESTIGATION - SEWER LAGOON LOCATION
PUBLIC LAW 86-i21 PROJECT

FT. YUKON, ALASKA

oare

3-22-76 g scaLe

[DWN -2 4

[Pf!oa.uo. 612508 ]M ~NO.

1€




TH. 13 '
3-21-76 All Samples A 0
[ ORGANIC MATERIAL .
- - LA . 0-5
Tr. Organic Material 0.5 -1.5
SiT 25
SILTY SAND ,
Little Visible ice O ~26 4 .
o
(1 @ s3%
)
SANOY GRAVEL w/ TR. SILT
() 82%
dv '
Gl © ea% |
| ;
@ 7.9% 26
= XA BORING LOG
/) e ™ SOIL INVESTIGATION - SEWER LAGOON LOCATION
~ —~ i PUBLIC LAW 86-121 PROJECT
R & M CONBULTANTS, INC. @) FT. YUKON, ALASKA

oare 3-22;76 [scm.t i'=5 [M oy LDS ]o«o sy JF ‘Pnoa no. 612508 'owo NnOo  B-16
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RE&EM CONSULTANTS, INC.

T.H. 14

3-21-76 All Samples A

No Visible Ice 0-8.5'
SAND w/ SOME SILT

2.5

SILTY SAND

@ 9.7%

8.5

Little Visible ice 8.5'- II' A
"SAND w/SILT LAYERS

) 167% "

ATl
O NI HOA {0 )
X 2:2-.%@;:9&% 4

GO OXxo
RS

O

0.0/
e

0.
Q
Qo

. “»,é
o4

ey
no

e

BI85 080
L IRE) o
g8 od

3
S

SRR

Littie Visible ice I'- 26’ Ve

@ "n.2%

SANDY GRAVEL w/TR. SILT

@ 7.7%

@ .7~3 O/O 260

BORING LOG

SOIL INVESTIGATION - SENER LAGOON LOCATION

PUBLIC LAW 86-12!1 PROJECT
FT. YUKON, ALASKA
a

OATE

3-22-T6 Tscue

"

1“z5'

IBWN [- 24

LOs [o«o sr JF Ipao.: ~no. 612508 lowc NO.
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TH.IS
3-21-76 All Samples A .

s

\ume Visible ice 0-4.5

ORGANIC MATERIAL ,

| SANOY SILT 05
[ L
{ ‘é % SAND w/SOME SULT
E i Visble ks 4.5 26 45
: g 43%
} ;b GRAVELLY SAND w/TR. SUT
| o
t ' @) 1%
s SANOY GRAVEL w/TR. SILT
.‘0
3 80%
@) 4%
| (5) as .
26
e . BORING LOG
M S M SOIL INVESTIGATION - SEWER LAGOON LOCATION
~ -~ PUBLIC LAWgG-lZI PROJECT
REM CONSULTANTS, INC. (Z FT. YUKON, ALASKA
2) -
OaTE 3-22-76 ISCALE 1"=5' {om ay LDS lcmo sy JF [mo.s ~no 612508 ,M NO B~18




TH. 16
3-21-76

ICE & WATER
(Lake)

- 3.5

Saturated 3.5 -26

SANDY GRAVEL w/ TR. SILT

25"

=X BORING LOG
—/ o M SOIL INVESTIGATION - SEWER LAGOON LOCATION
~ =~ PUBLIC LAW 86-12! PROJECT
FT. YUKON, ALASKA

R &M CONSULTANTS, INC. G 3)

oare 3-22-76 ]scm.s 1 =5 |ow~ By LDS lo«o BY JF ]paoa no. 612508 !owo ~no-  B-19
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Swan Drilling Co.

4 Mile Steese Hwy.
Fairbanks, Alaska 99701

2

WELL LOG

STATE SCHOOL PUMP HOUSE
FORT YUKDN, ALASKA

\\ 1974

Y 8" WELLS
WELL # 1 = _ ' WELL # 2
(Closest to Pump House) .
0' - 2' Silt & Sand (frozen) . 0' - 2*' Silt & Sand (frozen)
2' - 9' Silt & Sand 2' - 11*' Silt & Sand

9' - 12°' Black Mud 11* - 29' Gravel, Sand & Water
12¢* -~ 30*' Gravel, Sand & Water e . :

.

Water Static Level 13’
Water Temperature 33
Pumps Make 60 GPil each
Pump Test Well #1 & #2 for 1 hour at 60GPM each, Water Static Level
. remained at 13*
Well #1 & #2 have 15' Johnson's Screen (Stainless Steel) #60 Slot
Extended casing 4' 8" above gréound level on both Wells
Installed WEBTROL 708TCl54-3ph Turbine Pumps
-*Pumps set 21' drom top of casing
Installed 15' Copper Heat Cables down Well #1 & #2
#EZ-CU-15-2
300% 120V 15' 2.5AMPS
23" Pipe between Wells & Pump House has two (2) separate Heaf CaBles
-wthich are Auto—Trace Self-Limiting.

Fort Yukon School -
Contract P-786
DB 131-4-29140




WATER ANALYSIS TETOST FOm o 3/15/74

‘af ! Nenort to: ANCH UAMVUTT, ADMIN. OFFICER 7
CFFICE CF ENVIFONITNTAL MEALTE  C 70§
P. 0. RGX 7-741 !

ANCLORA ‘F, AX 99510

-

:,;,. b(/{(‘l" @wmc{n(ﬁ; Sffsf_m

; KAR 071975

NAME OR LOCATION: -
COLUZCTED RY: J2 lhy 7 _éwﬁ, AS DATE 2 jj ¢ /—; s EOUR: 26 [
| WATER SYSTEM
> 1. Well TYPQJZZE'/Q’O/ Cepth tth: JF2 . fallons per winut 69“
;2. Surface Water: Temporary / / Permanent —/_\4
i 3. Murber of licmes Servod: S o/- (o Conlor -Skate o@ice Bld. -
- &. Treatmeat: l}Z? Yes / [/ No New or Lxistinp Source érYlt!lncv
. /
PURPOSE OF ANALYSIS
. 1::7 1. Y¥ater Aprroval for Building Permic. . (Column 1)
.. £/ 2. Routine Analysis. ’ " (Column 1 & 2)
!X/ 3. Special: Check Specific Items for Analysis (Columns 1,2,3)
COLUMN 1 COLUMN 2 CoLura 3
Analysis Limits . Anzl. Limit Analysis Limire
Eron (Te) i n.1 | Magnesium ! 125 | Sodiem (wa) | 2906
b lvoride () i vog | {(NP) _| Potassiur (K) | :
Thlgride (C1) | 250 | ..a...cium : [300 fulfate i
: (rog) i .03 zood (Ca) } ! i i{S024) : 259
Thoscnate I 30 vocor uurb&ditv ! i 5. | iSuifite ;
ffotal I'ordness | { 50 softi Leojor ‘ {15 : #%(S01) ¢S,
. 300 hard inicarbonate égo%g ?J:r”:f (x09) E E .
;‘c rarcents i { Q (IICOB) 1 500 iSuspen(t(‘.d ! {
: ! 6.5 i poor | | Solids i
Pt | 8.5 Cartonate i 350 | Wrsenic (As) P9
Snecific Alkalinity 350 | Copper (Cu) ; i.
. Lorductance ‘ Total Dis- . iCvanide (Cn) | G.
solved 500 | IPhenols ! 0,
A&‘Ql 'ZVQQA%S— ko‘lds inc (Zn) i S.
_ Barium (C2) ‘ tr.
COUDMENTS : i Fiport ef Cif TaslT< ' [Cadmium (Cd) i i 0.
iLead Th) { Lo,
Ol ¢l /4_ ppotrit L /W/L& @’a’l; iSiiver {Ag) i 2.
HMercury [ A
0.

Jﬂahdéz__auipa%qg_/zf_fézbégfzzfi Cﬂb@ |Aa;oa2ijf S_j)% 0
__; !

TNSTRUCTIONS: {___ B i
2/28/75 JO/JAILW -
1. Cinse container scveral times im water source to _be sampled. :
Public Mealth Laboratory
2. "Mlace cap on sarple contafner firmly. ) e, Medical Arcs kldp.
( Pouch J
?  "lace samnle 4n czarten naller, and forward 07:759 Juneau, AK ©9gn1?

LN




OB TON
LTS ANSELLS

LN OALEANS

>arT e a7 _ -
0Te CORE et ——
PO NI R s
Gasze
eTec anD veemant.C A ag e
SALT LAKE CITY .. . . ; . . . - o _ A -
- .= sC . AT IS O NI E s s53s E-aar
TAN FPAnISCO AN L7 42D S avd ] 4K A2 cinzie cmaem
CIAMYA QAUJACA emeie
e TC=Tuts
SEavTLC CONZULTAMTS 4 "=T ENS R MO TAL 25D ACUUTE oo 4 37 7.0 %1 - .
LTRATUSE = 2.z

SASRECTON, D T,

Wi s_arNs

POST OFFICE 80X Aaor28 -

Ferogalinnl ALLSZA 3370
CAaizLe:

R
DAMZMORT reLEu:

June 30, 1976

Office of the Service Unit Director
Department of Health, Education, and Welfare
Alaska Native Health Center

528 5th Room 210

Fairbanks, Alaska 99701

Attention: Tom Hértriqh

Dear Mr. Hartrich:

The two water samples received by Dames & Moore on June 23, 1976 have

been completed. The requested parameters and their respective values appear

below.

Parameter

Value

Untreated Well watergs/"" Treated Well Water

pH, pH units 7.7 £.9 7.8
Total Alkalinity, mg/1 as CaCOg 134 13 126 135
- Bicarbonate, mg/1 as CaC0, 134 1y - 1k 135
Carbonate, mg/1 as CaCO, 0 O 0
Total Hardness, mg/1 as CaCOq 147 Z¢0 150 - 147
Calcium, mg/1 43.5 stk ud 43.5
Magnesium, mg/1 9.3 3.6 % 9.3
Iron, mg/1 2.3 2.7 2.2 0.1
Sodium, mg/1 2.7 b 26 27
Manganese, mg/1 0.41 .48 0.41
Chloride, mg/1 2.1 b °% 34 <~
Fluoride, mg/1 1 0.29 O.1 0.31
Total Phosphate, mg/1 PO,-P 0.17 8.08  0.08
Sulfate, mg/1 23.1 b1 23 23.1
Total Dissolved Solids, mg/1 127 2271 93

en



~——

)

. Parameter VYalue

Untreated Well Water Treated Well Water
r Cation, me/l 3.15 3.05
E.Anion{ me/1 3.26 . 3.30

Insufficient untreated sample was provided to a]]ow-for an accurate
nitrate determination. Tentative nitrate concentrations were determined
as 44.7 mg/1 N03-N for the untreated sample anq 21.9 mg/1 NO3—N for the
treated sample. ‘

If you have any questions regarding these data, or if we can be of
further service to you, please feel free to contact me. - |

Very truly yours,

Dames & Moore i

Frederick L. Smith
Project Manager -

FLS/vah

cé:'Mercedes Russell

@2



e e——
A,
. S—

Limits Anal. Limit Anatysis Limits
_ firon (Fe) 0. 08 0.3 |f‘acnesium 125 |fS<dium (Na) D)
Fluoride (F) | o</ .5 Il ey © | &% Potassivm (K] a
- Lhloride (C1) ~ 250 Iralciun et 5 300 |[Suitate :
— (F0s) .05 gooc] (Ca) ‘ (04) P30
-1%hosphate ¢ 00 30 ocorilTursidity é 5 [lSuiTtite
"~ {Total Hardness 59 50 sot<|iZolor A 15 |1¥{S0) | 5.
i J 200 hard!iZicartonace . 25 |iicrace (i04) 1)
- {Detercents c {0 HCCA ‘ cood (Pusprenced
. f ] o | 65 (#CO3) . > Feoo ngJi*g_ifi 24t :
- "{ 6:(_} 8.5 . ’ ) peor (& ‘reenic (AS), t ClCo :ﬁ a,
-'Fpecmc it Carbonate [ Y T 350 |icozer (Cu) - | P
= Zonductance Akalinitv | oF 35C [£vznicde (Cn) i i 0.
- Total Dis- PrEN01S | [ ©.
L ﬁwa: 377 Solved /16 1500 |@ac (Za) -y
. : ce - olids - Serium (Ea) 1 it
' - Caiaium 'Lc) i T
fexd (Fb) ~ \ G 0 .
Comments ~<-)/v il ot Aa/m /JL 4 V”S/LZ &, (Bﬂuer& Irrl | e
, [LAQMJJ)/L)‘ Varcury (Bo). i R
_",___ 377 A {y'ancanese ("-.,‘-" { &
Lk f*://‘)/ e {
2 { {
. R R | oy
- Instructions: . i )
- 1. Rinse container ceveral times in water source to be sampled. ’
- Og) AL o tey . apea b

.Sprmg, Lake, River, Creek, Ditch, S]oucH Cther:
¢ . Sammle Descmptmn:@reated Other: {(lescribe) /’),yccam\m (,w//
F 77 1.
: [r;/. 2‘

e -

11 thort to‘

- te,

ARCH HAMICTT, ADKTH,

cEriceER

OFFICE Of ERVISGHIENTAL KEALTH

-P.0. BCX 7-741

AHCHORAGE, ALASYXA 99510

7 3. Special:

..Qamphnc Site: FI‘J- {:‘uﬂ-,'u'u' ry Lo (-

)
,_,“\ J i

,.l./,f)_

Date' O3—OQ "7

Mame of Vi'l].ace: F. u{}t{m /‘,u//'”//t, 997906 MNama of Source‘ fT\/L'(/‘;r Iy .,,/'//nw Q_

Collected B)” ')—(’//&[ 7/)01;’:'//& coHn.r.

- HWATER SOY RCE (cn'c]e cne) C &50.

Routine Analysis.

PURPOS" OF AMALYSIS

Water Approval for Building Permit.

Circle Specific Items for Analysis.

coLumn 1

T colut 2

.

! (Columns 1 &£2)

(Colunns 1,

(Colmm T)

COoLUMY 3




.__WATER ANALYSIS REPORT
T Z*:L VLicvt O cas

Mail Peport To: \:’;_73 (,b\\-
g::\ \CCTN \_’.\\ SR AN < :
ST

S wh i

FORM

o
’

Name

BT &(

TN VY LOM W BT ‘\\_gC LAFT EYrsY ‘c:—a‘{?l ain: YO EG

ARG\ .

—antel golicy
Illness Suspecs

Uiy Ly

C &

.
vah

-
Y

Y/

Collected By,

/>f//////«1 C{- Lie,
\J

Du//mo ( 7/}’ -‘ﬁh;\{:r\ms\l\lzx: @

Q
Date f2- 2 ¢

U.S. Survey #

Hour

Legal Addres’ls of Property: Lot Block
i T WATER “SYSTEM
| .« \f’f-\\.u\:— v 2!

1. well Type (CJ \ _w,nc.  Depth 7

2. Surface Water: ‘\\\h\\‘gr-

3. Number of Homes Served C\( e

4. Treatment: gYes

Gailons per Minute \Q Q?V\
Témporary E Permanent /_/X/-/

PURPOSE OF ANALYSIS

./_7 1. Water Approval for Building Permit.
VZ Routine Analysis.
VB Special: Check Specific Items for Analysis.

(Column 1)
(Colums 1 and 2)
(_LCqumns I, Z and 3)-

—— ———

1) AGEEySie  Limits (2) Analysis Limits (3) Imi
a (Fe) \C‘ eo 0.3 R Magnesium 2 125 Sodium (Na) > i .2¢c0
L oride (F) % 6oy 11.5 4 4 (Mg) < Potassium (K)i £ / !
Ciloride (C1) 4/ { 250 h {Calcium . _ Sulfate i
Phosphate (P04) .05 gooc! | Ca) ! 75 300 - (504) 22 ! 250
.00 30 poor] {Turbidity | 7 5 Sulfite i
Total Hardness ’ 2 50 softi {Color S 1 15 *(S04) | 5.¢
_ ! / 5/ 300 hardi :Bicarbon- 25 good Nitrate (NO;) Y o.29” 1 10,
Detergent ] i 0. : - 3.
f: ergents 0 ! 0 av;e 7328 500 poor Saspe.:nded s
il b0/ 6.5 - (HdC04) Solids .
‘ - : 8.5 ‘Carbonate | O 350 Arssnic (As) T, 00 C.°C
Specific i ‘;2%?1 Alkalinievh//3 » {350 Copper (Cu) i 1.C
Conductance Total Dis- _ 500 Cyanide (Cn) 9« Lpfeds 0.C
olved Vo d Phenols ot Doted s 0.C
Bl J13/75~ 501ids Zinc (Zn) _ {incedlinni=5.C
. Bariur (Ba) | samp/e § 1.0
SANITARIANS : a_r
A\VENTS - . jCadmium (Cd) / 0.c¢
COMMENTS:
Lead (Pb) / 0.C
Silver (Ag) / 0.C
Mercury (Hg) | HER:
Manganese (¥n} &-//2~ —é n.C
- - £
. . i K "gi f = i
. LY EE et R %‘v‘ih Baaald !
f\_' ; F(;_B 13 1375 o ﬂ'ﬂ Conder wAlseL
é/ bé)/ l/; //‘}5
L_/’ DEPT. OF ENVIRONMENTAL ) ] .
CONSERVATION
NRO
¥ Remifeag eiatat maaciioan (74) Instyructfons on MNae



SVTATL €3 AUASKA o //;\
DEPARTMENT CiF ENVIGRONMENTAL CONSERVATION -0 7 ]//
DOUGLAS LABGRATORY FACILITY = S
VILLAGE SAFE *YATER PRNOGRAM
TO 8E COMPLETED 1Y SALPLER —
Sampie Sourca cr Locstian Coilacted by —
273 Yukon River John Thomas
A(ki'r:%s Sample Mumber
River water 1in front of town 19J780
Vitlaga State | Zip Coda Sample Date T
Fort Yukon A b 4/7/80

Eyi Surface Water - [J Ground Water

¥ Untreated Water . ’ 0 Treated Water

[X Routine Sample : 0 Special Purpose Sample
Laboratory Analysis Number Received by Date

80040931 - Parry Mothershead 4/9/80

Limit ’ ’ : Limit
Mg/t Mg/t
Arsenic {0.05) . [TIR Chloride 7K
is)
Ocieem 1y al.11 _]ﬁ ) ] R Fluoride (2.4) TR
Cadmium  (0.010) . N|D Nitrate — N (10.) N U
Chromium (0.05) N D Sulfate 218 .
tron (0.3) 043.1316 . Carbonate Afialinity 1121 0] .
Lead (0.05) . I TFR @ 180° C 161 61 .
Manganese (0.05) 01.1514
Mercury {0.002) - N
Sefenium (0.01) . N pH JABR Wi
Sitver {0.05) . N Turbidity 1117} wnru
Sodium (250} T Color 115 .1 pcu
Calcium 510 Conductivity @ 25° C 21712 Jnhiosicm
Magnesium ] 0 . 2
Potassium ] . 5
ND=Not Detected
TR=Trace Detected
Nate Analysis Compicted Signaturz of Laberatory Suneeveea Date Reported
_ : yA
15-319(12/73) ,/

&




B2 R

-4, " Label each sample to include:

\t-l’:“n_ 3 / / —\1_/—- (?L';

. e 1ol T
. . : -4 i(( \'llla e of: | ’ Vey SOV T e~
ecial T-.tormation /.LO' ‘(J:)w“)u > / 8 ‘L
1. g o ‘ ‘ /?/ /_(‘ P, 4 "//'/(-L'./")

[
-t

i. Speciiy the exact ‘*ample location so thu’c is no confu31ov1 about
where the sample was collu.t(:d Inc"lude a written description -
and a map or sketch. /'” 4//0,7 P T _
. ! . — ;'. 0(///914 f\s.

- -—_j}X : é‘/i/‘éqn-/q)) Ve

2. Describe the physical appearance of.the water. including:

.

Color fg{/@// e R

.Taé't_e 7./:'6';//,/ - ) - : S ’ . o
Odor %MA | )

.'.‘I.‘urbidity W—L’— ' N

3. Describe the area immediately surrounding the sample site including
nearby honey bucket dumps, oil storage areas,; landfills. ect.

———

-
Name of Collector ‘Jp/)n //fﬂ/;’f/ﬁ S
Time .and date of collection oY-02 - Yo K00 Ann

Date sanple mailed 4 17”0 7= yo . )

-

Water temperature

Sahple depths/distance from
shore (for surface sources)

Tidal influence (if any)

-Approximate flow rate |

Depth of well

Pumping rate and drawdown of well

PH ~
S. . Rawv water . . * [0 Treated water . N
— o r/! / ' i /] /:
Con=cnts NIRRT A, Vel // A2 S AL 7{- .,,(’L U 41 /}.C,‘,, 2



APPENDIX 4

Selected well drillers’ logs, aquifer test data
and ground-water quality data for Fort Yukon, Alaska

from U.S. Geological Survey village files

APPENDIX A-4

(22)



1

ey

qo¥d

TTIM WWOD NOMNA Id PLSTS TO0TDD€€LTIZT00Z0Wd
10
¥
NANNNNN
NNNNNNNNNNNNNNNNNNNN
P1€09861
60L0E66T
€0v0p06T
PLSTS T00TD0GdLTCT00Z0Wd
CEPTISHT
LEEEI9
052
(4]
20
s9sn

M
TOZEPTISPTLEEEDY

Jweu UOTI®IS 006D

Isqunu eouenbes Xojwo01 s182

8poo @37s jo esn Koueby €082

sopoo adij-uoyriels 208D

S3TTJ I93eM Punolo Isyjzo uy A3Iyryqeryese ezeg  ZILD
Pa@3eaId pIoodl 83Fs 93ed €0€D
pelepdn 3sey pIooal 83Fs @3eg 00D
9po2 37un 21H0TOIPAH 0202

Jequnu YoM TE207 ¢102

apn3jbuo 0T02

epnyyle] 6002

opoa A3unod 800D

8poo 83e3s L0002

8pod 130713814 9002

spoo Kouebe seoanos ¥002

@37s Jo edky  z00D

(Toqumu uoflels) gl @3IS 1002

¥6/02/10 :31¥Q

*aseq eijep raded e Ul pPalTJ] 2ISM ,SOTNPIYDS TTOM. USYM STTeMm 03 paubisse Jaqunu AIOJUSAUT Ue ‘I23STHIY eYSselY 03 sIojel oYYV

- 09€€9
ITEVTIVAY dTY0s
90T JO d¥H

ddiL NOILWDOT
goudg

6000G ouNY

T T13M SAY NOMNX Id

TOSNODNA NMONMNN
YIIJIINTAI Y3IIJILNAAT
Y3HIO YJHILO JO
YONOISSY

qr 3ovd (0091TS¥T buot 00v€99 3eT)

€~0 NOMNX 1¥0Jd 00°0¢ - 00°G2¥
JWYN (W39) (133 (r3zd)
040 JOYVYHOSIA TIATT JOVIENS  TTAM IO
NOIL¥D0T YILYM aNY'T J40
JanLIL TN

(00915bT BuoT 00VE99 IET) MY ‘NOMAX °Id SNIQWY FTIW 0T NIHIIM SHIIS YALUM ANNO¥UD

MY ‘NOMAX °IJ SNIAVY ITIW OT NIHIIM SALIS YAIUM ANNOYD

[th44

(1333)

HL43d

NOMNX Id Javsn 100 TAYYALTZTO0Z0YWd
-~ PLSTS T00TO0G4LTZT0020Wd

YAGNAN TTIM TYOOT

b6/81/10 :3I¥Q

96-10-10 T00 TAVYVQLTZTO00ZOVI TOLYZISHIZEEE9Y
- PLSTS TO0TOOEELTIZT00Z0Wd TOZEPTISPTLEEEIT
daLONYLSNOD YIEWAN TTIM TYO0T ar-aris
TTaM
arva
v6/81/10 :3Ivd

78)



4

dovd

4
s
00°0¢€
L080LI96T
1
1
PT1€09861
ONSO
T
00°9
00°'6¢
00~
p1€09861
dT0H
1
00°9
00°¢v
00°
1
p1€09861
SNOD
T
L
a
S
NMONXNA
9561
100 T1QYYQLIZT0020Yd
10
¥
NANNNNN
NNNNNNNNNNNNNNNNNAZZ
L2209861
£080€661
0" ek
0" ey
d
M
10109661
poZobo6T
n
14
W
00°s2v
09€€9
€-0 NOXNX L¥0d
d dZT10d NOZOL LTSISIANAN
100 TQYVYQLICTO00COYS
L
LETTISPT
TEEE9Y
062
4]
44
sosn
n
M
TOLYZTISPIZEEEIY

pexnsesw 8bIeyssTp POUILBW

elep abreyssip jJo 82Inos

ebxeyssta

paansesw @bieysstp @3ed

Jeaqunu @duenbes piooey

9773 SNOD 3O pIooaiqns 9NSD I0F *wnu °*bes jueled
91TJ SNOD JO pIodeaqns 9N§O JoF ejepdn 3se]
8173 SNOD 3O pIodaiqns ONSD 10F odA3 piooey
pIooaiqns DBuyseo 10y Iaqunu pIodeY

butxas buyseo syy3l jo xe3swelq

butIas DBuyseo syl jo wolzoq o3 yadeg
butzys buyseo syy3l jo doy o3 yideg

9177 SNOD jo piodeiqus FIOH 303 o3epdn 3seq]
81737 SNOD Jo pIodeIMS FTIOH 103 odA3 prooey
pIooaIqns @Yoy IO0J Jequnu pIodey

TeAI®3UT STY3 jJOo I@3jeweid

TeAI®jUT STY} Jo wo3joq o3 yadeg

Teaze3uy s7y3 jo doi o3 y3ideg

9TTJ SNOD 3O pIodaigns FTOH 103 *wnu *bes juszegd
8173 SNOD 3O pIodaxqns SNOD I03 e3jepdn 3seq
9TT3 SNOD JO pIOod®IqNS SNOD 103 odA3 piooey
pI098IqNS UOTIONIISUOD IO0J Jequnu pIodey
ysyuty jo ediy

UOTIONIISUOD JO POYIOW

B3EpP UOTIONIISUOD JO 83INOS

I030®I3UOD JO awepN

uoFIONIISUOD JO 83eQ

aweu uoyilels

Iaqunu edouenbes I03ed07

8pod 83Ts jJo esn Aoueby

sapoo edAj-uoyjess

S®TTJ I93EM PunoI I8Y3lo UT AITTTqeIteAe eled
pejeald pioo9I 83Fs 83eq

pejepdn 3sel piodel 83[s e3ed

T1em jJo yadeg

yadep e10H

I93eM JO asn Krxewyagd

@317s JO esn Axewyigd

P93oNI3suUod TTeM 83eq

8pod 3ITun 21H6oT0IPAH

buy3jes ojydeabodoyr

Koeanooe epnatITV

peutwIelep &pN3ITITe POYUIeW

8oeJINS PueT JO 8pPNITITY

dew uoy3edol jo oyTess

dew uOT3ED0T JO BWEN

uoy73e207 38U-puUe]

Iaqunu TTeM 1007

epoo Aoeanooe HBuol-3eq]

apn3tbuo

spniyye]

apoo K3unod

8pod> 83els

opoo 3I07I3ISTA

apod> Aduebe @0IN0OS

uUOJ3lesTITSsSeId pIooay

937s jo ediy

(Tequnu uoy3els) dI o3ys

v6/02/10

(43 %]
1610
06812
8¥12
Ly1o
1062
6SLO
86LO
gL
6L0D
8L0D
LLod
LSLO
96LO
¥eLd
§L0D
¥L0D
€L0D
6500
S6LO
bSLO
€L
9902
6900
¥900
€900
0902
0062
180
€082
2082
[AERS)
€0€2
0v02
8202
L2od
¥202
€200
1200
0202
6102
8100
L1020
9102
§100
¥100
€100
¢102
1102
0102
6000
8000
L002
9002
¥002
€002
¢002
1002

$3rva

%D




€

Jo¥d

¥T€09861
SN

1
YIITNOV TIAVYD
12209861
v1€09861
MIIN
! o
~ M
I Qi
P I
> s9sn
zL61
8561
p1€09861
arlo

€
UMY
60006
pTE09861T
ario

z
sav NONNX Ld
1 T73M
¥1€0986T
ario

1
NMONXNA
TOSNOINA
¥1€09861
UNMO

1
NOXNX LJ J¥sn
9661
a
¥1€09861

®TTJ JOSIW 3O pI0d2Iqns SMWY IoJ ejepdn 3seq
o173 DOSIW JO pIodeIqns SYWY Io03 odi3 piooey
8TT3 OSIW JO pIOOOIQNS SHWY 103 IJequnu eouanbes
OSTW- sSYIewdy

oj3ep-YIewdy

8113 OSIW 3JO pIodeaqns MIAN Joj @3epdn 3Ise]
®TTJ OSIW JO PIodeagns MLIN I03 odi3 pioooy
8173 JSIW JO pIrooaiqns J3dS I0J Iequnu eduenbes
snoaueTTeosTW- odA3 e3ep YIomjeN

XI0M3ou MD - sesdteue jo edAl

uofj3doerToo ejep jo Aouenbexy

e3ep YIom3eu 103 Aouebe eoinos

uoyT3I08TT0O elEp JO IPRA PUTF

uoT3l0aTToo eaep jo 1eed uibeg

113 DSIW JO pIodaiqns (ILO 103 ejepdn 3sel]
®TT7 JOSIW 3JO PIooeIqns QIIO 103 odX3 paooey
o173 DJSIW JO pIodaxqns (ILO I0j Iequmu eouenbes
I®FJTIUePT Iayao jJo Ioubyssy

I3TFTIUGPT IT8y3l0

eITJ OSIW JO pIodeIqns QII0 I03 o3jepdn 3se]
eT¥J OSIW JO PIOdRIqNS dILO Y03 odA3 piodey
8113 OSIW JO paodeiqns (ILO IO Ioqunu eouenbes
I©TJTIUOPT Ioylo JO Joubyssy

I8TJFTIUePT I8Yl0

8173 OSIW jJO Prodeliqns (Ilo I07 @83rpdn 3se]
®TT¥J DSIW JO pIodeaqns dILO 103 edA3 pioday
®TT3 JSIW 3O paooeaqns JILO I0J Iaqumu aouenbes
I97ITIUOPT Ioylo Jo I0ubyssy

I97JTIUePT I8Y3I0

o773 OSIW JO pIooeaqns ¥NMO I03 e3epdn 3sel
177 OSIW jo pIiooeaqns YNMO 03 odi3y piodey
o773 DSIW JO prodeiqns ¥NMO I0F Jequnu eduenbas
I9UMO

drysieumo jo ejzed

odf3 ebieyostg

YosTp- o3epdn 3seq

¥6/02/10

68LD
88LD
11€2
S81D
¥810
18L2
08LD
0€ELD
30L0
0210
811D
LT1D
9112
ST1D
TLLd
0LLD
9€LD
1612
0610
TLLD
0LLD
9€LD
1610
0612
TLLd
oLLd
9€ELD
1610
0610
69LD
89LD
81LD
1910
651D
€0LD
2oL

+3Iva

(&)



IN REPLY REFER TO:

UNITED STATES
DEPARTMENT OF THE INTERIOR

GEOLOGICAL SURVEY
A-32 Washington Auditorium
Washington 25, D.€.

October 2, 1957

Mr. Roger Waller
Ground Water Branch
U.S. Geological Survey
Box 259

Anchorage, Alaska

Dear Roger:

¥hile picking through all the little pencilled notes and
scraps of paper with tid-bits of information picked up during
the summer, I note one that mentions a botanist or some such
person running off with the samples collected from the Fort
Yukon well drilled by the Alaska District CE. I wonder if you
have succeeded in tracing the man's name. I am sorry I didn't
see Jim Roy at the meetings, and that I didn't allow time to see
him afterwards.

A3so sorry to have missed the little get~together you
had after the meetings.

Cleo and I deft Snowshoe Lake on the 23rd of Sept after a
few days of 8now, had a good flight out and are getting settled
back inte our usual rut again. This year we get to see the
fall colors twice— as it is still a balmy 75 or so in D.8. and
the foliage is still more or less intact.

I appreciate any lead you can give me as to the identity
of the man who made off with the samples from the Fort Yukon
well. I believe it is important to try to contact him about
getting a split if one remains or if he is a specialist trying
to get the desired information as to the age and mode of
deposition of this material,

Any helg you may need from me in the Copper River or Yukon
Flats, just ask-~ you may not get much help if you ask where to
drill for water, but perhaps my notes would be helpful.

Sincerely, -
G Z (A~
.AJohn R. Williams
G

eologist

(81
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Mr. James Roy /
Geology Section-
Alaska District, Corps of Engineers
Elmendorf-A.F.B.
Anchorage, Alaska

Dea-r }{I'o ROY;

Rogér Waller of our Ground Water Branch has recently checked
with you about the identity of the botanist who collected saxnpl@
of the DE well at Fort Yukon, Alaska.

In turn, Roger/ has turned the name over to me, and I am
enclosing a copy of my letter to him for your information

Thank you very much for your help. I hope we can either
recover some samples from this botanist, or perhaps obtain

the information we need on the age and depositional enviromment of
the blue silt from the Fort Yukon well.

Sincerely,

John R, Williams
Ceologist

(62
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A-32 Yashington Auditorium

October 10, 1957

Dr. George Tulloch
Department of Biology
Brooklyn College

Eedford Avemue and Avenue H
Brooklyn 10, K¢ Y.

Dear Dr. Tulloch:

I have been informed by Mr. James Roy of the Geology Sectien,
Alaska District, Corps of Engineers, that you obtained samples
from a water well the Engineers were drilling at Fort Yukon, Alaska,
in the fall of 1954.

In 1948-1950 the Geological Survey made a reconnaissance study
of the Quaternary deposits of the Yukon Flats, the vast alluvial lowland
surrounding Fort Yukon. I am now preparing the final maps and
reports. Mr. Roy has kindly supplied the-driller's log of this
wall for use in this report, but cannot furnish &ny samples of
the materials encountered, THis well is important (2) because it is
the only well in the region that penstratex the surficial alluvial
gravel and (b) because it extends to withinm 20 feet of present~day
sea level without encountering hard rocks like those which form
the hills surrounding the lowland.

From what we know mfrom the driller's log, we can only postulate
that the deposits of blue gilt which lie beneath the alluvial -
gravel are quiet water deposits, possibly of marine, estuarine,
or lacustrine origin. As far as age is concemmed, the deposits
might range from Quaternary $o as far back as late Mesozoic.

It would be of great interest to me to learm whether your
examination of these samples has enabled you to determine the
enviromaent of deposition (estuarine, marine, lacustrine), and
whether there are microfoesils that might give a clue
as to the age of the blue silt from the Fort Yukon well.

Sinccrelyz ycurs;

CC: files 2 John R, Williams
James Roy Geologist
Roger Waller

@3




John #. %illlams, wllitery .eology Jctober 8, 1957
washington, u. C.

Koge: . willer, Ground weter
anchorage, alaska

Eotanist who std? the sazples!

I just called Jim hoy und he gave me the name of the
men wno too< the saaples at Fort Yuxon. iHe said that the
men may not be &t this address w8 it was a couple years axo.

The men was °botanist.
D?. George Tulloch
Department >f biology
Brooklyn College
Eedford aAve. & avenue H
srooklyn 10, K. Y.

I aope your seerch for the informetion will be success-
ful/. Let we xnow ir 1 can obe of rurther help.

I envy you and your seeing the fsll colors twice. It is
my favorite time of the year. We are having bqptiful weather
now. XNice and nipsy every asorning.

Thanks rfor your.offer of help-if I may need it-on the
Yugon flats or Copper river. I hope I have the opportunity

to askfor it.
4

h)
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¥ORT YUXON

The site at rfort Yukon is near the villase end east of
the air strip. lospitel *~ake lies near the location.

The Fort Yukon area is :lescrived in Professionsl faeper
26L-F, idditional inTormation adds - to the xnowledge of the
erca, ag follo«s:

A deep hole was drilled about 2i miles east of the wvil-
lage. ~rermeirost extendel from the surfece to 320 Feet.
Water-bearing silt (?) occurred from 390-425 Teet. The
material was too Tine to permit developling a well. The hole
wes extended to 440 feet before ubuandonkng. i test pit dug
a thousand feet away Trom the well (near & slough) encount-
ered thazwed sund and gravel near the surface. The 20-fcot
pit produced 5-10 gallons per minute on testing in November
end adarch of the 1954-55 winter. A 80-foot well wae con-
structed near this location &n 1955 and has been operating
successfully since. -~

P it sppears that water waight be found at shallow.dspths
WE neer Hospital Lake (anf abandoned meander?) or simil&r bodies
0b:i;&1 of water. Digging or jetting & well under these conditions
*  seems feagible.,

The reported z37-foot hole (p. 125 of Professional Pa-
per 264-F) that enocountered bedrock at Ffort Yukon seems in
error from more receunt informsution, &s given esvove. No
additionel informetion is avsilable on this report.

The school at rort Yuxon hes & water-intzke structure
in the cnannel of the Yukon dAiver. Appurently much dirffie
culty nes been encountered in keeping the water from freez-
ins end protecting the structure from flocd damage. They
gre reported to ve thinking of trying f'or shallow-water
wells. Tney &re located avbout 1000 feet from the rospital
Lake ulso,

(&2




UGE ANCHORAGE ADDRESS FOR

OIVISION OF AVIATION

- /'..y . (-—.u

STATE OF ALASKA

ANCHORAGE. ALASKA DEPARTMENT OF PUBLIC WORKS —

DIVISION OF AIR TERMINALS JUNEAU, ALASKA
P.O. BOX G-243
ANCHORAGE. ALASKA

DIVISION OF BUILDINGS ¢

P.O. BOX 1361

RICHARD A DOWNING - COMMISSIONER

DIVISION OF PROPERTY & suppPLY

December 18, 1961

[y

USE JUNEAU ADDRESS FOR.

OIVISION OF HIGHWAYS

DIVISION OF COMMUNICATIONS

DIVISION OF WATER & HARBORS

DIVISION OF EQUIPMENT OPERATION

SOUTHEASTERN REGION

Re: Fort Yukon School Well

Mr. Roger Waller

U. S. Geological Survey
501 Cordova Building
555 Cordova Street
Anchorage, Alaska

Dear Mr. Waller:

This office is interested in the future development of a deep
well for the school at Fort Yukonm, As you may know, the original school
obtained water through an infiltration well; however, when high water in
1959 eroded the bank, the water source was lost. An investigation re-

4
P
vealed that there is a shallow well in the area, apparently in an old Aa/”'FW(v

«”‘S

slough bed, approximately 1500 feet from the school. Sufficilent potable
water is available from this well; however, there has been a considerable
problem of transmitting the water the approximately 1500 feet to the
school.

We are, therefore, interested in exploring the feasibility of
a deep well on the school site, especially as related to the future
expansion of the school, probably next year. We are unable to find
any data indicating a well might be drilled or the probability of water
at depth. We have a copy of the U. S. Geological Survey Circular No. 169

~entitled "Summary of Ground Water Development in Alaska, 1950"; however,

this report does not cover the Fort Yukon area. We would accordingly
appreciate being advised of any information that you may have on the
availability of water in the Fort Yukon area and also whether or not
any subsequent publications have been issued.

Your cooperation will be greatly appreciated.
Very truly yours,

/

Leonar Loéell, Director
LL: sew Division of Buildings

o
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UNITED STATES
DEPARTMENT OF THE INTERIOR
GEOLOGICAL SURVEY

Water Resources Division
Room 501, Cordova Building
Anchorege, Alaska

December £9, 1961

leonard Lowell, Director
Division of Buildings
Department of Public Works
P. O. Box 1361

Junesau, Alssks

Dear Mr. lowell:

This letter is in answer to your's of December 18 regarding the
feasibility of obtaining ground water from & deep well on the school
site at Fort Yukon and whsther there are any publications on water for
that ares.

Only one deep well atteapt has been made in the Fort Yukon arse.

The Corps of Enginesrs drilled & hole at their site cast of the village -

of Fort Yukon. The subsurface conditicns found there probedly provail
under the sehool site. Their report shows that ground was frosen to
& dapth ef 390 feet. Water-bearing silty sand was encountered in tho
faterval from 390 to 425 feet. Fifteen feet of non-water-bearing silt
was encountered below. They ocould not develops & %ell in the water-
bearing formation as 85Y of the material passed through a 100-mesh
soresn. The hols was abandoned.

This test does not rule out the possibility of ensountering ocoarser
grained mterial &t & similiar depth, or ons at & greater depth, &t the
sghoal site. The fast that & water-bearing formation is present is
encouraging. An experimsced driller with adequate equipment should be
able to produce & well from this formation. Sand or grevel packing
@ vell solves similiar situations in other parts of the U. S. If
eoarser material is present, a normal screened well would be adequate.

Shallow dug wells or gallery-type wells, such as wes originally
construsted and the one evidently supplying the school unow, seem to be
more precstical in that area. However, they have to be sonstructed near
the bank of the river or a side channel with the hasard of floeding and
bank erosion. It is believed that the original instaliation was
*doomed” becsuse of removal of the vegetal cover in the ares--which

@

IN REPLY REFER TO:

/g,f‘}/u,/(n/

Bttty




permitted the permafrost to thawv--which permitted the bank to erode
faster. Perhaps another undisturbed site upstream (?) & 1ittle weys
might provide a more ssonomical installation to construct than trying
for a deep well. Of course, a successful deep well should be less
costly to operate and maintain.

There are no publications on water potential of this area that
we are aware of,

Sincerely,

Roger M. Waller
Geologist in Charge
Ground Water Bransh

(68)
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IN REPLY REFER TO.:

UNITED STATES
DEPARTMENT OF THE INTERIOR

GEOLOGICAL SURVEY

- Water Resources Division
Room 601, Cordova Building
Anchorege, Alaska

January 15, 1562

loaonard Lowell, Dirsctor
Division of Buildings
Department of Publio Works
P. 0. Box 1361

Junsau, Alaska

Dear Mr, lowell:

In reference to your lotter of January 12 on ground water at Fort
Yukon:

Enalosed is & copy of the Corps of Engineers wall log es copied
from their files by us. They gave us perwission to relsase it to you
end stated there is no report, other than the log, whs.ch wvould be useful
to you. Mr. Willard Knoppe reported the above.

The Distrioct and we belleve permafrost was not encountered at the
425-fo0t lavel. Regardless, the water would not be in a "poockst", because
1% vas not highly mineraliszed. QGenerally, all "fresh® ground water cen
be said to have a source of recharge and a point of discharges with
varying slov rates of movement betwaen.

8incerely,

Roger M. Waller
Geologist in Charge
Ground Water Branch

Enclosure
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USE ANCHORAGE ADDRESS FOR USE JUNEAU ADDRESS FOR:
STATE OF ALASKA

~

A
Y
DIVISION OF AVIATION DIVISION OF HIGHWAYS

. 202

ANCHORAGE. ALASKA DEPARTMENT OF PUBLIC WORKS IS IO OF BUILOINGS
P.O. BOX 136t .

OIVISION OF AIR TERMINALS JUNEAU, ALASKA DIVISION OF COMMUNICATIONS

P.0. BOX 6-243
ANCHORAGE. ALASKA

DIVISION OF WATER & HARBORS

RICHARD A DOWNING - COMMISSIONER
DIVISION OF PROPERTY & SUPPLY

January 12, 1962 DIVISION OF EQUIPMENT OPERATION
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Re: Deep Well{rFort Yukon S}hool

Mr. Roger M. Waller

Geologist in Charge, Geological Survey
Ground Water Branch, Water Resources Div.
Room 501, Cordova Building

Anchorage, Alaska

Dear Mr, Waller:

This will acknowledge your informative letter dated December 29 per-
taining to the feasibility of the deep well in the Fort Yukon area, We note
that the Corps of Engineers drilled a deep well at their site east of the vil-
lage at Fort Yukon and indicated that the ground was frozen to a depth of
390 feet, with a layer. of water-bearing silty sand from 390 to 425 feet,

We are wondering at this time whether or not the ground was frozen
below the 425 foot depth indicating perhaps that the water-bearing strata was
in a pocket or whether there was any perma frost below this level. We would
also appreciate being advised on whom to contact in the Corps of Engineers to
determine whether or not a report is available and in particular a copy of
the well driller's log.

Any information that you could further furnish will be most helpful.

Very truly yours,

Leonar fowell, Director

LL:ij Division of Buildings

cc: Department of Education
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ANALYSIS NOTES

Source g m&\m\m\%\ —

Lab. No. \Omvowﬁm
Ysrs

—

~—

Location HQN\.@ ' W\m&%\&p

.w. .w. % Sec. T R , , Merid. Field/Office No
Date coll. /-R0-70 . Time . Well Type Use

Cased to (ft.)

Coll. by \Eﬁ*@c Depth (ft.)

Field detns: Temp. (°C) pH Diam. (in.) Date drilled

Sp. cond. m.:sro& Eh , "~ | Water level (ft.) |

Appearance Discharge ﬂ?V
Remarks: ‘ : W. B. F. &

Owner

Percent moa.wca . ﬁ~ 4 H M — _ h F _ 4
SAR
Free CO, 1%

Copper (Cu)

USTIIITTIITII LA VR IT IR AR EAII I Iidaiiisii \\“\\\\\\

Zinc (Zn)

Analyst n\?m“@e_

> o 1 o1 — o

Checked by

Date started .3-2-70 _ Date completed 3= =70

ACF
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Source Fod §§ g , § 4
Location FoZ A\\v%c&\ﬁ\ﬁl ! J .
.Mu .w. ». Wmo; T R Merid. Field/Office No
Date coll. /= 9-70 . Time Y00 a.m, Well Type Use
Coll. by et Q\Nas)?ax Depth (ft.) : ‘Cased to (ft.)
Field detns: emav%. °c) pH Diam. (in.) Date drilled
Sp. cond. ?a&o& Eh Water level (ft.) : | bA
Appearance Discharge : : »W.U
Remarks: W. B. F.
Owner
Percent Sodium o 11 h h 1] F |
SAR
Free CO, W H
Copper (Cu) w
Zinc (Zn) h ~>sw~¥mn- S TTWEN :
H Date started I 23 Date completed AN F D
l Checked by sl i ACF




INVENTORY OF RURAL SANITATION SERVICES

JAN s, 1979
Month Year

Village: FORT YUKON

Population: 714 Class: 2ND

Region: DOYON LTD.

Number of Hames: 147

I. WATER SUPPLY

Domestic Water Use

Present Supply: ppy INFILTRATION GALLERY/ Adequacy of Present Supply:

RAPID SAND FILTRATION, FLOCULATION GOOD QUALITY AND QUANTITY DRINKING
WATERING POINT/TRUCK DELIVERS TO WATER/RAW WATER Fe 2.3 ppm/TDS 127
SOME HOUSES/50 GPM FROM TWO WELLS ppm/HARDNESS 147 ppm/TREATED WATER

Fe .1 ppm/HARDNESS 147 ppm/TDS 193 ppm

Planned Improvements in Water Supply: PHS HAS PRELIMINARY PLANNING MONEY BUT
PROJECT IS STALLED BECAUSE OF EASEMENT PROBLEMS IN VILLAGE

History of Water Supply Projects: 31973 . WATERING POINT CONTAMINATED WITH
FUEL OIL - 2 NEW WELLS WERE DRILLED :

Industrial & Institutional Use

Describe User Present Supply Adequacy

MILITARY OWN SUPPLY/COMMUNITY WATERING SEE ABOVE
RESTAURANTS POINT FOR ALL OTHERS

SCHOOL

CLINIC

STORES (2)

OFFICE (2)

CHURCHES (2)

I1. WASTE DISPOSAL

Solid Waste Disposal Method(s): DUMP ONE MILE OUT OF TOWN/MAINTAINED AND
COVERED BY CITY '

Domestic Sewage Disposal Method(s): FEW HONEY BUCKETS/MANY PRIVIES

History of Waste Disposal Projects: NO DATA

(9;) (145)
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UNITED STATES DEPARTMENT OF THE INTERIOR

26w
GEOLOGICAL SURVEY
WATER ANALYSIS
Location Fort Yukon County
Source Depth (ft) Diam (in.)
Cased to (ft) Date drilied Point of coll.
Owner -
Treatment Use _—
WBF wL — Yield —
Temp (°F) Appear. when coll. S - —_
Collected _Feb 6, 1973 By - e .
Remarks
ma/1 :e13%8/1 me/1 ma%d]
. d . ‘
Silica (SiO2) dissolve 9,2 Bicarbonate (HCO3) 85 i 1.39
Aluminum (Al) Carbonate (CO3) 0 =00
Iron (Fe) - dissolved «009
340
Manganese Sulfate (SOa4) 140 2.91
Chloride (Cl) 27 .07
Fluoride (F) -1 L - 006
i
49 2,44
Calcium (Ca) SAR -1 -
]
Magnesium (Mg) 13 1,07 Nitrate (NO3) as N dis; .06 i <005
Sodium (Na) Diss 4.3 .18 | Phosphate dis ortho .00 '
Potassium (K) Diss 2.5 .06 Sodium percent 5
Phos ortho dis as P «00
L — —
Total 3.76 Total T 4,39
me/l i
Specific conductance 417
(micromhos at 25° C)
Dissolved solids:
Calculated 263 pH 6.7
Residue on eveporation st 180°C 1
Color
Hardness as CaCO;3 180
Noncarbonate - 110
Alk as CaCOg 70
Lab. No. Col 16439 Field No. Project USPHS

(7
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UNITED STATES

DEPARTMENT OF THE INTERIOR
GEOLOGICAL SURVEY

WATER RESOURCES DIVISION
WELL SCHEDULE
Date. /2~ %7 106/ FieldNo...
Record by £L. M. W aﬁ,&v\, Office No. .__
Source of data Zett. Il;%*m lg£{vt ({5 12~

1: Location: State a’zz”d’ 4"\ Gounty CQ/nZ:pQ

Map.... [ r%»ém«x. (c-3/

9185
(October 1950)

S T YR A
2. Owner: = Address
.Tenant Address
Driller Address
3: Topography
4. Elevation ...._________ft. ?)E?o::
5. Type: @dﬁned, df.t:‘iven, bored, jetted ....__19___.
6. Depth: Rept. Mi’t. Meas. ... - ft.
7. Casing: Diam. in., to in., Type
Depth __________ ft., Finish
8. Chief Aquifer From fi. to ft.
Others
9. Water level .___________ft. TPt 19 ghove
which is —ft. ggg;;s surface
10: Pump: Type Capacity - G M.
Power: Kind Horsepower
11. Yield: Flow ..cec.... G M., Pump ... .____ G.M.,Meas., Rept.Est. . ._.___
Drawdown _.._.... ft.after _____________ hours pumping .. G. M.
12. Use: Dom., Sbock,é%; RR., Ind., Irr., Obs. ‘53“;/1"1;’6"”” E) Cé"“”.’k
Adequacy, permanence '
13. Quality Temp °F.
Taste, odor, color Sample %Ie: O

Unfit for
f !
14. Remarks: (Log, Analyses, etc.) yEx'X’ éwm ,OCJ%"_,_Q_

U. 5. GOVERNMENT PRINTING OFFICE  16—62891-1

/08
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APPENDIX 5

Alaska Department of Environmental Conservation

ground-water quality data from the public water supply system at Fort Yukon

APPENDIX A-5
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APPENDIX 6

U.S. Geological Survey water-quality data for the Yukon River at Rampart
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YUKON RIVER AT RAMPART--Continued

Temperature (*F) of water, water years 1954 to 1956

1954 1955 1956

Day | June July Aug. June Aug. Sept. May June July Aug. Sept.
1 S0 55 58 50 61 44 -- 44 65 -- .-
2 49 $6 s8 53 62 44 -- 44 60 -- -
3 s2 60 s8 53 60 46 - 45 65 - --
4 46 61 58 54 62 45 .- 47 65 .- .-
S 45 61 57 53 63 45 -- 53 57 -- -
6 4s 63 S8 §5 63 46 -- 54 57 - --
1 56 62 $9 54 62 47 -- §S -- -- 48
8 56 65 60 48 61 41 .- S8 -- - 57
9 56 59 60 S0 60 48 -- 55 -- - 44
10 EH] 60 61 49 61 48 - 56 -- -- 48
11 $S 59 63 46 [ ] 471 -- 55 -~ -- 49
12 54 60 63 48 58 L] -- 56 - -- 4
13 54 62 63 46 58 47 -- -- -~ - 46
14 54 63 62 42 56 44 - - -- - 48
15 55 64 60 46 56 43 -- - -- - 41
16 54 64 62 47 55 45 .- -- - -- 45
17 52 64 61 47 55 45 -~ .- -- -~ 49
18 53 65 680 49 54 48 - -- - -- 48
19 53 68 60 51 54 46 .- -- .- .- 47
20 54 61 59 46 53 45 -- -- -- -- 46
21 53 59 S8 49 52 48 -- .- -- S1 46
22 s4 s9 s8 46 50 4« .- - .- 50 45
23 52 59 s8 45 49 45 -- - .- 50 45
24 55 60 56 53 48 4« - -- - s3 40
25 56 59 57 sS4 47 a .- 56 -- s3 4“
26 58 S8 s7 56 49 38 -- 55 - 52 38
27 57 59 5T 56 49 38 .- [-H] -~ 50 40
28 58 ST 55 56 48 42 43 €0 -~ 50 48
29 60 ST 54 56 48 38 43 62 .- 52 39
30 55 57 53 S5 44 39 41 64 .- 52 38
3 -- 57 53 -- 45 - 41 -- - 54 -

Aver-

age 54 60 59 50 ss| a4 - - - - -

Periodic determinations of suspended-sediment harge, water year October 1954 to September 1055

Suspended sediment
Discharge

Date (cts) :m:‘;: tion Discharge

tons per da.
(pom) (tons p n

1954 .
Oct. 0 ..oiiininnnan.. 93,000 97 24,400
L d
Apr. 10,600 2 81
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